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S., I May 109•9•:

BASIC nLIGHT CRITERIA - PACK. OFF

PA.RT I-A

A. iNTROk L "1

It is thp rurnose of this r"oort to determine the nerodynamtc
characteristics of tha complete airplane (nack off) and to
determine the critical loads on the component oarts for desig•n
and stress analysis in accordance with the requirements of reference

This renort is divided into four narta: Part I coneists of Xenersl
information and includes a Pumiary of the critical loads And designdata: Part II consiats of the determination of thm nerodyramic:• W "

chartctoristics of the complete airplane (pack-off) and the criticl.
loads on the component p.nrts for symmetrical flight, considering I
pitch only; Part III covers the aerodymn.nic chareoteristios r4 the
complete airplane and the critical loadR on the vertical t'iil ,urftces
for asymmetrical flight, considering yaw only; and Pert IV coverm the ;
determination of the nerodynamic characteristies of the airplIns And
the critical loads on th,' wings and ailerons in a.ymmetric-0 flight,
considering roll only. The four parts combined form one report, II

"Basic Flight Criteria5 , YnIIunie II, Pack Off. It should be aporecinted
that this report, Volume II, covers only pack-off configuration.
Volume I of this s-m•A ronrort has been issued on 15 March 1949 and
covers Dack-on cunfigurstioz;.

Throughout this report 011 r-frir-nepA to power conditions meansw
military power. Flap down conditiuna are analyzed for 1400 flap
deflection only.

The XO-l2O airplane is a modified version of the C-119B airplane
and features a detachable cargo compartm.nt with both front an,"
rear loading nrovisions, which is called the "nAck". The comotirt- ..
ment provided for ni-lot qnd crew members is of course not dmtach--
able and is designated ",-reA- nanA11mP, Thp fi.alm, roneimtq '.f

the "pack' nlus the "cre'w wicelle". Due to the pmnuliar r -onft•-

uration requirf-d for the "erPchlC 5 nack" P qu.dricycle lanlin'
rmar is reqnired. Wing Incidence has been increased from Ao ( !"- P ',)
to 70 at the wing root chord.

-C
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BLSIC FLIGHT CRITERIA - PACK W S. .... . .. . ~ ... . . ........ ... I.J • .I

PART I-A

I TOUTOTION (Cont.)

This report is one of a series of aerodynamic reports
in tich the oharacteristias of the component parts
are summed and expanded in order to define the oper-
ating characteristics of the oomplete airplane. The
complete eerie. of reports are as follows:

Fairchild No. Model Title

R107-001 XO-120 Estimation of Lateral Stability
Derivatives

R107-012 X1-120 Basio Aerodynamic Data
R107-013 x0-120 Maneuvering Horizontal Tail Loads

Volume I - Pack On
Volume II - Pack Off

R107-014 X1-120 Baslc Flight Criteria
Volume I - Pack On
Volume II - Pack Off

R107-015 XG-I20 Air Load Distribution
Volume I -- Pack On
Volume II - Pack Off

R107-016 10-120 Pert orance Calculations
310T-01T 10-120 Analysis of Wind funnel Data
R107-018 XD-120 Analysis of Stability and Control

volume I - Pack On
Volume II - Pack Off
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X0-120

.ASIO FLIGHT 0RITERIA - PACK OFF ,

PART I-B

B. Iý&MQLhTUR

All nomenclature used herein conforms to the nomenclature
as used in references (1) and (5).

Where preseurd distributions are determined the nomenclature
of reference (4) applies in addition to the above.

FIigures 1 and 2 present a pbysioal picture of some of the
more important dimensions and distances.

It I
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C. 0DINO FOR SMm-- . ._

This section alritse% the oritft1l o0&.d on t'hs

40opalloat psrts &$ determined IA-the main body of Ole report.

apsavive nAd ohard•ivSe preesute •6ibwi.•tiiongs for, Vw crtiaw

con14±tions eare presoented In referen•ce i).
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REPORT NO. E0-014 FAIRCHILD AIRCRAFT DIVISION PAG
OF W.A.g R N•I M -A CORPORA17ON ES PAGE

RSubjeD .:....._............................................................................................................................ REVISED ....................................

The wing loads as determined in Part Z-1 are tafb..
lated below.vith the possibly critical onditions.

Condition Power 0.0, Gross Airplane L Y £fF z wing wing Moment
Loc. Veglot LOMA mph load load about

Lb,. festor LbM. Lbs. Aft
I rFt.MLb._.

--- m -.. - -....-

1. PFAA OtI 3 54000 3.0 1.4010 176.9 162,961 -41829 -102,363

(1) Upper surface In oompresuion. (2) Lower surface in tession, outer panel.
(3) Front spar, outer panel. (4) Rear spar, lower cap, center ecotion.
(5) Outer M•ie to center section sfvloe. front gar.

2. PLAA4 off I 1 3.0 .8762 1 265 1175,7361 ,1741 -229,631
(1) Up•pr surftaO in oOmpression. (2) Outer panel to center section splice,
front and rear spar. (3) Lover surface in tension, center section.

(4) Front spar, lower cap, conter section.

3. PLA4 off 1 54000 I ....... 3 1 .02 314 3.50, 11S0721 _=a, m
(1) Rema spar, outer panel.

4. ILAL I off 1 1 54D000 j-1.5 _-' 1. W01 .013
(1) Lover asrface in compression. (2) Upper suraco outer panel to chte'
section splioo.

B. MA-MI off 17 40"o -1.0o9 -.03• M3.3 -159, 396 -3881.09

Outer p•nOl skin splices.

o 370.15 3.732 .6 5I-I6 .160,9 8....I -829,631
Local attachments of veight item.

7. PRUAL off l 1 54000 3.0 11.761 j1M.4 1188,9971 -169205f 79,987

Special leading edge conditions.

.o154000 -1.5 -. m709 9.5 4,87 -1 - 83,83

; V • 1e al lading, e oonditions.I.RFSTRCTD..



REPORT NO. 1,7-014 FAIRCHILD AIRCRAFT DIVISION PAGES PAGEOR NO. F1i0701 OF AIRI" a Nx OOtRPORAMLION

MODXnw XC-120 I ,IAR*D XT CEDCK-D BY £PPUOTMJ XY

DATE .......... R .......... . ......
S ubject:- ..... ....... ............................. .............. ... ..... ......... ...... ............................... .. .................. . .. R E V IS E D .................... .................... .

PART I-C-1

a. (cant.)

the positive lift coaffiociat giving the most forward
center of preeum.w oorresponds to PBA.& conditions In the table on
the previous page.

Uhs lift coefficient giving the nzuam positive limit
load at YD or YX corresponds to the PIAA condition. I

the distribution giving the maium nagativa load on the
forward 20% of the wing corresponds to conditions 1 and 4,

Conditions 7 and 8 correspond, to the omenta"7 Increase in
leading edge loadings occurring in accelerated flight on the forward
20% of the wing.

b. Ailerone

The aileron loads In symetrical flight are those occurring
when the ailerons are neutral and are not critlcal.

The aileron tvin and balane tab loads are considered under
asymmetrical flight - roll.

The average load on the flaps as dete•lined in Pat 21-L Is
140.72 lbs/sJft. The load is 159.6 lbe/sq.ft. on the flap area in the
slipstream and lO.39 lbs/sq.ft. on the flap area outside of the slip-
stream.

e. Norlsontal Tail

The .xisum horizontal tail balancing loads an determined
in Part 1-HE u are -12,526 lbi. vith power off and -13,574 lbe. with
power on under the following eonditions:

Condition Power C.A. Gross Airplane Owht a -T q., Horizontal
Loe, Weight Load dog. dog. mph - tail Loads - lbs.

- , 2 .b & . ] m s ': • .... ....L --

XLMA off 7 54000 -1.079 -7.44 8.36 331.3 1.00 -12.526

j"VI on 7 54000 -1.079 -7.36 7.78 331.3 1.00 -13,574

RESTRICTED



SREPORT NO. ].07-034 FAIRCHILD AIRCRAFT DIVISION PAGESJ PAGEI
REPORTGI[ NO R10701U4 COUR OATtIOm _______&__________T_

DATE- .1-Ay.. y1949..........
BASIC 1,IG0T 0RITEX.A - PACK 017

Subject: ....... .... .......... . ........................................ .................................................. ... .... REVISED ................................

PAJU I-0-1

a. Horizontal Ta11 (Coat.)

The maximum horizontal tail leads ooourring with a 50 fps
gust as determtned In Part II-M-2 to -14.455 lb.. with a aegitiv# gust
and the following conditions.

Coadition Power C.0. Gass Airplane Yvi C a Total Haris.
Lao. Weight Load ht fail ,,oads - lba.

Loads hotor dog*. d mph ( s & ft**

Oust on 1 54000 1.0 -7.593 5.25 265 1.00 -13,216o

The mazinum maneuverlng tall loads &e determined iR lkef-

arenes (13) are 10,272 lb.. and -7687 l19.

condition Power C.G. Oros. Airp.ane o it s y h f Total 11orL.
Loo. Veight Load g h g hail, Load - l"bs.

k.,,, -"- so d" des. nmph J

WaUMn, r- On 36% 54000 3.0 .73 M.796 167 1.117 10,272
ins YACv

max.
Upper

Maneuver- On 2 54000 3.0 1.40 .13.90 167 1.117 -7si?

___ Level____ ______

A.Ierator TaO*

The mzowi load on the elevator trim Wta as determlned In
Part I-t-1 Is 94.3 lbs/gq.ft. of tab area.

Tbe maxiu load on the elevator sprig tab as show in
Part 11-N-2 is 8.2 lbt/sq.ft. of tSab. are&.

S FAR - -'T

RESTRI CTED
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Ic-La ý________________

1 .. . .... . .. - -0 ....ATE A I..1949 . ....
Subject:-. - .... ...................................................................... REVISED ...........

PART 1-0-2

2. ASYM2MCAL IYUN! - TAY

the critical vertical tail load* as detewlaed In
Part 111-D are as followas

The verloal tail load for & side &not of 80 fps
with Initi• l angle of attack of the vertical tail zero and ser nip.
der dAflection at YX it 5594 lbs. per vertical tall.

Condition Power Oert V/" Vertical Tai
d____dg._=p q Load - lbs.

50 fps
Side GustJ On 7,3 0 265 1.02) 55t94

eor sero yav with onme agins dead m the other e
deliverin m tary pover (am* as ake-off power), the ualmnm lo an
thevertil til in the slipstream of the operting engine to -1178
bs. The uxxmu load on the other vertical tall is -838 lbs.

CondUoiic Powe 0___Jt V Vertical Tall
d89- 49?. 901 Load -Ths.

Zero - On
Ya Owperating 0 -16.1 10o 1.48 -1176

Side

Zero- Off 0 -18.1 100 1.00 -828
Yaw Dead

I-A- •00-7 " ""~

RESTRICTED'



REPORT NO. R107-014 FAIRCHILD AIRCRAFT DIVISION PAGES PAGE //
O7 FAFI ICm.D lUlNOINU & A1JPML&WNl oOOATIOEPAGSUPG

xo X..I3 NP1AUX WtI CEUWKED ]BY APM30YM by

BASIC FLIGHT RLTZMIA - PACX 077 DATE-..

ub e t .. .............. .. ................................................................................................................ . R EVISED .......................................

PAT I-.,4

2a. TelgL d (Cont.)

Yor s5ro Y, sinle engine operation at iaWnuM speed for
this oondition, plus a &at of 30 fps, the maxiwu load on the vertical
tail In the slipstream of the operating angine 1s -3= lbs., with the
Cust load additive. So maximum load on the other vertical tail is
-3300 lbs., with the gust load additive.

condition Power W J, T r qI Verstieo fail
M4. dog. mph Load - lbs.

Zero Taw On - -5,533 -3.3a aoo 1.o40 -3338
30 fpa Operating
Oust agim ade"

Zero Y•w Off- -5.8W -4..3 200 1.00 -3200
30 fps ea
Oust Into Side-

7or 50 yaw two engine operation with the resulting rudder

deflection at TD the imxumum load on each vertieal tail is 390 lb.,

P...z d". " ph Load 4lbs.

° Tn1 4.397 -6.76 531.3 1.016 119

Nor 50 yav two enrgine operation with sero rudder deflection
Dt ,D, the mxixux load on each vertical tail to 51I0 lbs.

Condition Power 0 •'t o- q" Yoretieal fal

deg. deg_. -ph Load - lbs *

50 yaw on 4.327 0 331.3 1.016 S150

R.STRICTIPD
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PART 1-0-2

b. Budder Tabs

The mudam loads on the rundo td1m amad spring ab
as deterinsed in Part 121-3 did not eXceed the sinimum deutvz roqutre-
3Ct; of 50 lbs pr sq.ft., thesefore, the rotdor tab loads aw the
Midmaiwi of 50 ob/qoft*
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PART 1-0.-3

a. Ai OLe Lo f s"

The maxitmam aileron load, determined in Part IT-D,
obtained in meeting the required rates of roll to
-1515 lb.. an ooours at YVf- a 212 wph on the
right aileron with j 8a .24o (Loft aileron o'RL

* +120).

Oondition Aileron Airplane Load Aileron Load vf
Deflection Mactor lbs. mph

-. .06 -24o -1.0 -1515 2-.2

b. Alio ~

The maxima loads on the aileron trim and balance tab
as determined in Part IT - did not exceed the minimam
design requirements of 50 lbe./sq. ft. Theresfore, the
aileron tab loads for design are the minimin of 50 lbs./sq. ft.

KT .
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PART I-I)

D. &UMM L I &D1iJL&

The airplane polar disgrim for the oomplete airplane
as deterained by the addition of the lift and drag
oceffiieont of the component parts Is shorn on fifpre
3 for flaps& ad sear up.
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PART I-D (Oont.)

A comparison of the airplane polar diagram as determined
by the adAition of the lift and drag coefficients of the
component parts with the eirplane polar diagram obtained
by correcting a 0-52 flight test polar for the change in
configwration between the 0-82 and XO-120 airplane is
shown on figure 24.

The polar diagram as determined from correoted available
wind tunnel data is also shown on figure 24 for cosmparison.

Rt
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PART I-I
Z. ,.ilil 0iII1 A'ND C.0. LCA.,,, O NS!1

Loading Conditions

In accordance with reference (2) the loading conditions
considered are presented in the table immediately following.

.0. . Locations

The basic center of gravity locations were selected as 20% !
and 23% of the mean aerodynamic chord of the wing for the
horizontal locations. The vertical locations were selected
as to envelope all possible 0. G. locations. Later data
indicated an upper aft C. G. location at 30% of the mean
aerodynamic chord of the wing. Minimum flying weight
conditions flaps up and flaps down fall inside the envelope
and are considered as special points.

The 0. G. locations are designated as followes

. G. Lo ion iln

Most forward and highest
Aft and highest

Most forward and lowest
Most aft and lowest

.5)Minixm flying weight, flaps up
Minim•zm flying weight, flaps down

7) Most aft and higheet
C. G. locations(l')(i) •(4() and. as sho(n on the daadram

~re all considered as flaps up conditions whils (1) ()(l) "4) I%*.
and (T) were considered as flaps and gear down conditions.

-a
S• t 'r i " Y/ •-• -l-
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PART 1-2

ANALYSIS OF LOADING CONDITIONS CONSaIDRD

Weight, lbs.

Design weight (normal take-off weight) -- 54,000
Specified, by contractor in reference (6)

Maximum landing weight 54,000
Specified by contractor in reference (6)
as being 60,000 lbs. for pack-on but limited
by take-off weight for pack-off.

Light weight condition 37,990
This condition selected for zero fuel
in the wing

Design gross weight 5)4,000
Fuel weight 37,90b37,990 lbs.

Mininum flying weight 37,015
As defined by reference (2)

Weight empty 35,-44
Pilot & Co-pilot ýOU
5% of fuel plus trapped fael 901
25% of oil plus trapped oil VQ-

37 .015

Take off Weight 54,0O0

Considered as design weight for normal
take off

JL-. I LP
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PART I-?

F. a~igic.A.TIO!f M 1!awmb" FA. nn-TOJI GAI~T1ERT

The following requirements for design criteria are obtained
from reference (2).

1. Symmetrical Flight

a. Couplet* Airplane

aross Weight Load Flaps Power (1) 0. G. Gust Comments
Factor & _er Loo. Loads

Design 3.0,-1.5 up Off & On envelope All conditions to so

Take-Off 3.0,-1.5 up Off & 01 envelope be checked for gust Pitching
Max. Landing 3.0,-1.5 up Off & On envelope load from minimum Acceleration
Light Alt. 3.0,- 1.5 up Off & On flying speed to Required I V

high speed level
flight

Minimum
Flying Vt. 3.0,-1.5 up Off & On fixed Vcai a 50 X fps

Design None down Off & On envelope All conditions to No
Take-Off Specified down Off & On envelope be checked for gust Pitching
Max. Landing Xxoept down Off & On envelope load from minimux Aceeleration

Gust flying speed to Required
Light Alt. down Off & On envelope OF - 160 mph(3)

Minimum

Flying Vt. down Off & On fixed VT 4  50 K fps

Notes! - (1) Power-on is defined as take-off power up to 2 VS and military

rated power above 2 VS.

(2) V-n diagrams are required for all weight conditions at sea level
for the clean condition. laps down do not require V-n diagrams ,t•
since they are not intended as maneuvering aids. However, a V-n
diagram is presented for gust conditions.

(3) Note that 1.75 V5 is specified for this condition but flap limit 41

"speed in 160 mph on present 0-.2 airplane. Flap limit speed shall

remain the same for the X0-120 airplane. t

It is noted that limit diving speed is the greatest speed
considered in the stress analysis unless it is greater than

terminal velocity. For maximum alternate gross weight, the true
high speed in level flight shall be considered as true limit
divinz sneed.k*.
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PART I-7-I (Cont.)

b. Wint and Ailerons (Neutral)

1. Wings must be designed for all loadings under complete airplane
in Section A.

2. Wing rib. and leading edge shall be investigated for pressure
distributions corresponding toe

(a) positive lift coefficient giving most forward C. P.

(b) lift coefficient giving positive limit load factor at limit

diving speed or at VH if greater.

(c) distribution giving maximum negative load on forward 20%.

3. Wing leading edge designed for loads in 2(a) and 2(c) above

modified for momentary increases in leading edge loading in

accelerated flight (extend 0L versus oy in straight line and

other coefficients in a reasonable manner - use constant load

factor and reduce speed).

c. Horizontal Tail and Ilevator

1. Tail must be designed for all loadings under complete airplane
in Section A. - balancing loads.

2. Maneuvering horizontal tail loads with pitching. 0. G. at 20%
30%, 35% MXCG, one point on Y-n diagram, (References (1) and (9),

flaps and gear up.

3. .Add increment due to gust U ri a 50 K to balancing tail load

at level-flight high speed (consider angular acceleration).

1. Tabs designed for most severe combination of speed and tab normal

force likely to be encountered. In no case is limit tab load less I

than 50 lbs/sq. ft. (use trapezoidal loading with L. 3. twice

trailing edge loading).

2. Note that the limit load over the fixed surface and the distri-

bution of this load is assumed to be unaffected by tab deflection.

iZ
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PART I-1-i (Cont.)

d. Ileyator Tab. (Cont.)

3. For balancing condition the speed is VD and for maneuvering
distribution speed it f74 VS where /1L is positive limit load
factor.

Wi!& Flaps

1. The limit loading to determined from the formula V a 0.002555
CLflap x V2 x (r

where 0 L in flap lift coefficient in fully deflecte& position
with the gant condition and the true *need corresponding to the
most severe conditions given in Section A. (trapesoidzl chord
loadin" with L. X. twice trailing edge loading).

f. fuselage, Boomsu Cowliag, Doors

1. Determine pressure distributions corrected for compressibility

0 VD"

2. All loads for Section (A).

Ri-

I.'
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PART 1-7-2

2. Asymmetrical Flight

a. Comlet, Airplane
Load Factor

1. IDesign for p BW - .0S at .8 VE, flaps and gear up, + 2, -1
2V

2. Design for p ' .015 at 1.25 VHP flaps and gear up, +-2

2V

b. Winz and Aileron (Deflected)

1. Design for requirements under section (A) above (applj

moment coefficients of deflected ailerons at the wing

attitude corresponding to that point on V-n diagram which

gives highest torsional moment on the wing).

2. Design for unbalanced loading using 100% of design load on

one wing and 95% on the other considering angular inertia of

the airplane.

3-. In no case may average limit loads on ailerons be less than

20 lbe./sq. ft.

4. The design load shall be distributed over aileron chord as 1'

uniformly varying load 1/6 W at trailing edge to 11/6 w at
L. 3. where W - average load at any chord section unless

wind tunnel data indicates a more rational distribution.

1. Trim tab Assign for worst condition encountered but not less

than 590 bs./sq. ft. trapezoidal lo--d with T.. N- load twice
trailing dege load.,

d. Horisoatal Tail j • FA•

1. Design for unsymmetrical loading where load on one-half
of the tall is the maximum obtained for any condition and
that on the other half is the maximum load multiplied by

(1 - 7/7.33) where ; is limit positive maneuvering load
fac t or.

[R. F , Ti
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0- Vertical Tail n Rde

1. Design gust load U&i a 50 fps normal to pleAe of
tail at YH with tail at .er angle of attack initially
loading W a 5 x m x YE Of. Where total limit load.-
average loading x total fin and rudder area.

2. Use triangular distribution of load with zero at trailing
edge.

3. Design for zero yaw with one engine dead and the other
delivering take-off power at spee•d up to 2 VS, pressure
by reference (4) or flight test data.

4. Design for zero yaw with one engine dead and the other delivering
normal rated power at ¥•a under this condition plus gust load
added to vertical tail balancing load. Gust normal to surface
effective velocity of 30 ft./sea. Gust increment may be obtained
from

W a' 3.0 x ax V Li

5. Design for five degree yaw with resulting rudder deflection and
with sero rudder deflection at VD.

f. Rudder Tabs

1. Design trim tab for most severe condition but not lese than
50 lbs./sq. ft. trapezoidal loading with L. 1. twice trailing
edge load.

2. Design spring tabs for most severe condition to cause limit
load on rudder. (Again never less than 50 lbs/sq. ft.).

3. Design control 6urface for diatribution an unaffected by tab
plus tab loading using YD for balance conditions and. Vs- for
maneuvering distribution.

( 4 positive limit load factor)

11
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PART I-G

G. kIPLhK PHYM I•kL CkACTISTIB S 8
This section covers the physical characteristics and
geometric relationships of the component parts of the

airplane with reepect to eaoh other and to the center
of gravity points of the airplane.

These data are used in determining the symmetrical and
&symmetrical aerodynamics characteristics of the component
parts which are sumed 'up to obtain the complete airplane
aerodynamic characteri stios.

The actual physical characteristics are the same an presented
in Part I-C of reference (1).

The table Immediately following present necessar7 dimensions
for the component parts from the various C. G. locations,
and dimensionless ratios of distances and areas used
frequently in this analysie.

Ix
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PA RT I-G

0.o0. Location 1- 2 3 - o4 5-7 6 T

5 A,20.0 28.0 20.0 28.0 2)4.~4 22.6 30.0
_____ ~Min. rlying Wt._____

Dimensions, Ins.

Xv 33.66 47.o10 33.66 47.1o 141.02 39.00 50.4$

,268.1 2a1.6 26s.1 251.6 275.6 272.8 284.9

xb 166.1 179.6 166.1 179.6 73.6 L80.8 182.9

Z W40.75 54.20 40.75 514.20 .48.15 45.09 57.57

1w 5g.89 1.59 29.89 29.89 24.12 29.14 18.89

t, 31.53 31.53 .42.3 42.-3 37.o6 44.os 31.83

Zb -17.00 -1T.00 -6.0o -6.oo 11.1`0 -6.go -17.00

"" -17.0 -17.0 -6.0 -6.0 -11.7 -6.8 -17.0

%W 5.87 5.87 16.57 16.87 11.1o 16.12 5.87

,9 -95.0 -95.0 -514.0 -814.o -59.7 -s54.g -95.0

rvt )4o.65 4o.65 51.65 51.65 45.95 50.55 1o.65

1 31.5 18.04 31.5 1.5.0), 2 T1 27.12 14,.7

lp-1714.5 -157.96 -1714.5 -157.96 -181.9 -17s.55 -191.3

1,ht 621.1 607.614 621.1 607.6 613. 616.7 6.2

lvt 621.1 6oT.64~ 621.1 607.6ý 613. 616.7 60o4.2

I"
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PART I- G
Dimensionlos. Ratios

C. G. Locationl 1 2 _ 3 46 1 76-I~- o, -o. __2 .0 |1oo j • o , • . 30.0%MOW ~ 20.0 J 80 20.0 242.04 ~22.6-
-.-min. F y n Wt. _.

XV
.0 .20 28 .20 .29 .24 .226 .30

ACv .256 .256 .256 .256 .256 .256 .56

V .- c -. 056 .4 -. 056 .o24 -. 012 -. 0o30 o4

S.1123 .1123 .0750 .. 750 .1)436 .1732 .1123
MOWv

.. 3109 .3109 .3109 .3109 .3109 .3109 .3109
sv

3'5, 3.5 58 3.58 3.58 3.58 3.58 3.58
MAOv

-X 1.5935 1.673 1.593 1.673 1.636 1.62' 1.693 )

.25 Ln .895 .895 .895 .895 .595 .995 .995
MLOv

1- . 2 5 a Las . 77 M .69g .78T1 78 .98

.o0407 .0o07 .o0407 .oo47 .o07 .0)407 '.0407

A.1992 .199 .25249 .25)49 .2205 .2620 .1892

Pb _ .2159 .2159 .2159 •2159 .2159 .2159 .2159

RESTR `C -7-
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SG. Loeatio1o .2 45 7 6
i 20.0 1 28.0 20.0 2.0 2. 22. - 30-0j min. flying Wt.

.4.861 4.s6 4.s61 24.861 4.s6i 24.661 24.961

_ .987 1.06s .997 1.068 1.031 1.074 1.o087

.25Lb 1.215 1 -1215 1.215 1.215 1.215 1.215 1-215
PAOw

.2- Lb -. 228 -.1247 -.229 -. 1247 -. 102 -.141 -.12
MLOW M~o

A .0252 .0282 .0252 .0282 .0282 .0282 .0252

R__ -.1010 -.1010 -. 0356 -. 0356 .o695 -.0404 -. o1010

.22422 .3221 .22422 .3221 .2861 .2679 .3421
MVA& I I

AGYA .22724 .22724 .22724 -22T24 .22724 .22724 .22724
MLO,

HAG -LOA .094 .01249 o0947 .0597 1.02405 n1147

Sd .0349 .o0349 .ioo6 .ioo6 .o662 .095 .0329

o.6o9 o.6o .0690 .069o .o6o .o6go o06o

RE-STR',CT7.;7)
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0. a. Locationi 12~ 2- .35 .T4
Mi. 7yng Wt.,

.246 .2416 .3073 .3073 .2729 .3025 .2416
NOW I

S.2392 

.2392 .2392 .2392 .2392 .2392 .2392

-!--19T .107 .19T .107 .143 .i .o73

11 -. 5645 -. 5645 -. 4992 -.4992 -. 5330 .5042 .5645
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PART I-H

(1) Fairchild Engineering Report R107-012, 'Dauic Aerodynamic Data -
Model XC-1200, dated 9 July 1948.

(2) Army Air Forces Specification No. G-1803-Z including Specification
R-1803-23 and amendment No. 1, R-1803w-k and amendment No. 3, R-103-52
and amendment No. 1 and R-1803-63, dated 2 April 194s.

(3) Fairchild Engineering Report R107-017, lAnalysie of Wind Tannel Data',
dated 31 March 1949.

(4) Army-Navy-Civil Committee on Aircraft Design Criteria Report A10-1(2),
"Chordwee Airload Dletribution', dated 29 October 19112.

(5) Fairchild Engineering Report R110-009, 'basic Flight Criteria - Model
0-119B', dated 27 July 1948.

(6) Fairchild Engineering Report R107-000, *Model Speýuification for XC-120
Airplane", dated 21 October 1947.

(7) Fairchild Engineering Report 3107-015, 'Air Load Diatribution - Model
XO-120".

(8) Fairchild Engineering Report R107-013-, Onbeuveri.N. Horizontal Tail
Loads - Model XO-120', dated 4 March 19149. Volume I.

(9) AM Air Forces Technical Report 5185, "Maneuvering Horizontal Tail Loads*
Air Service Technical Command, dated 25 January 19145.

(10) Fairchild Engineering Report R107-016, 'Performance Calculations- Modeal
XG-1200, dated 9 March 19149.

(11) XK&A Technical Report 633, "Pressure Distribution over an XAGL 23012
Airfoil with a Slotted and a Plain Flap', by 0. J. Wenzinger and J. B. A;;Delano, dated 1939. •

(12) Fairchild Engineering Report R110-007, 'lasio Aerodynamic Data - Model
0-119B" - Appendix I, dated 21 February 1949.

(13) Fairchild Engineering Report R110-013, 'Maneuvering Horizontal Tail
Loads - Model XC-120', dated 12 April 1949, Volume II.

(14) NACA Advanoe Confidential Report L5005,`Sumiary of Airfoil Data0, by
I. H. Abbott, A. 3. von Doenhoff, and L. S. Stivere, daled 19 March 1945.
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PART II

II. -M IGTAL FLIGHT-'' PITCH

A. GenerSI1

It it the purpose of this section to combine the
previously calculated aerodynamic characteristics
of the various component parts of the airplane in
order to determine the characteristics of the com-
plete airplane in pitch. The method of analysis
and method of combination is the same as presented
in Volume I of this report, with the crew nacelle
being substituted for the fuselage. Crew nacelle
in designated by subscripts N or n as OLM - crew
nacelle lift coefficient.

1. Angular Relationships

The angular relationship of each component part
of the airplasne to the thrust line is the same
as presented in Volume I, Tor convenience they
are again presented here with the addition of the
angular relationship of the crew nacelle.

oft a TL 7. 00

o( a 07(TL

a 'b O< XTL

•x•.: •TL + 1"00" cave

R CTr)CT D
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PART II-B

B. Pitching Moments of OomPonent Parts

This section covers the determination of the contributions
of each of the component Darts of the airniane to the total
pitching moment about the various locations of center of
gravity.

The contribution of each part is found by the equations
developed in Part II-A of Volume I of this report.

The aerodynamic characteristics of each part were obtained
from reference (i).

The final pitching moment coefficients of the component
parts are based on ving area, wing mean aerodynamic chord
and free stream dynamic pressure.
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1. Wing Unflapped

OZ w A)+ CXW (2)

where L -v lA
mo = LO+

0 OZ. and 0XV are from figure 14 of reference (1)

0. G. Location A 3

1 k :-.056 x .1123
2 A2 : .024 B2  a .1123

A4 -056
S 0.024 B3 a .1780

55 A 3-014 3 : .1790

7 a 113
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- -s T . ,T ..
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PART I 1-B-2

2. Wing 71SapPOd f~ :400

a ON + Oza (A.) +OXWI (B)

where AN:-Av

VAOW ML*

0)0K W a~nd 01 are from figure 9 of reference (1)

G. . Location

1.A 1 z -.o56 slx.1123

2 k2 3 +.021 4 :2 .1123

3 A3  -.056 -1790

4314 =K1g

7' Ay o4014  37  -1123
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Subject. BA.SIC 7LIOHT RITERIA PACK F071 .I.....I.

PMT 11-1.3-

3. Orell Nacelle

CMN a M 1 25 (A) + 0Z" (2) + 011(C)
2Ln

where AP LnA

-. -n

0MN.•Lnie from figure 23 reference (i)

Z andl oX1 are from figuire 22 reference (I)

C. G. Location A

1. A1 ,, 1.115 B. -. 17o %1 .0o77
2 A2 :1Z.115 B2 ( .2520 02 : .007L'

n 3:1.115 3: .2170 O]: .010)*

Au• : 1.115 u .2',42o 0u : .oo1o0.'k

0 -111 m 210u a.n

6 A6 : 1.115 B6 : .2260 026 .007,

7 A .1.115 =a : .2470 07 5 . I ,

21'
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PA•T II2I-B.-Z(

4. Booms

ov (AOv

o

0. G. Location

1 A, 2 1.01495 ~1ý 092 o -.00285

2 2 a 1.0o495 B2 -. o031T o -. 00285

3 A3 1.0.495 B3 = -. 0492 03 : -. 001005

4 11,4 = 1.01495 B4 2 -. 0317 0) a-.001005
4 A5a 1.0495 5 2 -. 0397T 05 -. o0018
6 6 1.095 B6 30 06 -. 0011

7 A7 x 1.0o495 ': = -. 0254 01 -.0o25

R-STRWll C-T
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PART II-B-5 1
5. Vertical Tail

MVT " FCXIT !u. -:• 1q aw MA

It is assumed that Di.T does not var7 with angle
of attack mo that from pages 234J and 238 of referenoe
(1)

NT Vx 0 oT : .0091

forapr vt 2 00 and r 00

vt%
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PART I I-B-6

6. LAnding Gee~r

OX 2 a 0k (A) OZC (B)

where A a (i°;)

OXG and, CZa are from figure 147 reference (i)

C. G. Location A B
1 -. 5645 JS72 -. 64+ .10T

-. 14279 .107 '
S-.53 o 0. 1436R-. 2 . 1i61

7 -. 5645 .0•73

.1l'

II CY
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PART ii-i3-6

1 7711 0!TT 714"2 0
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iul)jtC: ..- 13A;I0 FLIGHT CRITERIA - OAJT F.. IsUbYI1)

PART II-B-7

7. Propellors

." q Sw iAGW P
C) S......L:Z.z z?

q !p

0 Zp is from figure 60, reference (1)

X? "-T

T is from figure 55 reference (W)

Results of calculations are presented in figures
through /2 2

0. G. Location p Sp
1 -174.5 -17.0
2 17. 96 :11.0

-171.5 .0
-187.96 - 6.o

5 -181.9 -11.76 -178.85 - 6.s
T -191.3 -17.0

OZ. and p for one propeller - Military Rated Power

V6- T To a( OX 0% 0 -,
265 .o0j -12 -. 059 -. 115

-1 -. 019
-4 -. 039

0 0
41 .019
8 .039

331.3 .0241 -12 -..06 -.65s VI
- 8 -. 044-
- 4 -. 022

0 0
41 .022

RESTpMCTED. I
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PART I I-B- _

8&. Slilostroam Effects -Win~g Unflapped

SOa•Is considered negligible for the

unflapped wing, to that

[4AOW VAO

(2= a%, ( +a C) •)

MAD,

e from figure 50, reference (1)

A OZI from figure 51, reference (1)

C. 0. Location A )

1 .0148 .0349
2 .0947 .0349

.0148 .oo06
.0947 .1006

5 .0597 .o662
7 .1197 .0349

RESTU'." i .
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Subject: BASIC FLIGHT CRITERIA - PACK .O .

PART I I-B-8

8b. Slipstream Iffeacts lapped Wing 3

•,.A 11 o, P. rd• 0. (A)+ 4- _ ¢ OT
"WV 1 L "W7 -

where A a (z0- -Axi"

'5 Oxor from figures 52 and 123, refereneo (i)

xvfWI from figures 55 and 131, reference (I)

•0aWFI from figures 56 and 133, referenee (I)

0. G. Location

1• 019 o0349
2 .0947 .0349

.0148 .1006

.o947 .0oo6
6 .0405 .0662
7 .1147 .ioo6
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This section presents the summation of the pitching
moments of the various component parts to obtain the
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The characteristics of the tailless airplane will be
determined for all of the center of gravity locations
discussed under loading conditions for both power off
and power on, for the flaps and gear tu; and for the
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The pitching moment coefficients of the tailless airplane
as presented in this section are all based on wing area,
mean aerodynamic chord of the wing and free stream dynamic
pressure.
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b.. kower On

for flaps and geftr down, power on 2 1.00

q

from / 6 / reference (i)

Values of K are the same as presented in Part 1I-D-1
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PART II-Z

Z. COMPLETE AIRPLANE MORMUAL T$UR0 flqpy!I0 4Tn

This section covers the ieterminAtion of the normal force
coefficients.

An the horizontal tall normal force coefficients will vary
with the center of gravity location and/or power conditions,
the normal force coefficients of the tailless airplane are

first determined and the normal force coefficients of the
horizontal teoil then added to obtain the normal force coefficients
of the entire airplane for a given configurution, center of
gravity location and/or power condition.

The aerodynamic force coefficients of the component parts .

as obtained from reference (1) are alU converted to wing
area and free stream dynamic pressure before summing to
obtain total normal force coefficlents.

1. Flaps and Gear Up

a. Power Off

The normal force coefficients of the co'plete airnlane
for flaps and geor up - power off a.re as follows.

OZA. : CZWCZN CZ a OT zHT

Where the force coefficients are all based on wing area
and free stream dynamic nressure.

As the values of 0 ZW for the unflapped wing as obtained
from Part II-A-I-o, reference (1) are all based on wing
area no corrections are necessaryr. v
The values of OZ- for the nacelle, power off, as obtained
from Part II-A-5A-e are based on crew nacelle planform ,
area and. are corrected to wing area as follows

SW

_ZN a OZN x _ Cz x 31091
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STL w OzN

-12 -. 266s -. 030
- 9 -. 1956 -. 06076
- 4 -. 1 421 -. o4142

0 -. 1100 -. t 342
4 -. 0710 -. 02205
9 -. 0026 -. O00si

The values of 0CB as obtained from Part IX-A-6-. reference (1)

for one boom are based on the planfor' area of one boom aM are

corrected to wing area as followns

-- ~3w

GZ. 2 (OZB 1x .25) C' .431

oý TL C 0BOZ

degrees ___ __

-12 0o1 41495

- 8 1:-00711
-14 -. 0042 -. 0011

0 0 0
4 oo42 .001•1
_ .o16 6  .00711

GZ,7 x 0 as CZT 0 from Part II-AP-9-e reference (1) .

"1VT VT_

_____________________________nr_______________T__________
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The valu#l.A of 0 ZHT will of cnurre vary with center of

gravity location and/or power conditions as previously

noted, so that

C~iHT ~ ht C 3  ht
SW q

where

ht OL is based on Sht and qht and i. obtained

from Part II-D of this report

Sht OLRT - C E K .S. q
z• t 7,h qht

mubstituting

0 ZHT Om MAO

OMA-T is from Part II-0-1-s.

Z:'
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b. Power On

The noriol force coefficients of the complete airplane
for flaps and gear up, power on are an follows!

OZA N GZA-T power offACZI + O + 0 ZHT

where

OZA-T power off is the same as determined in Part II---a.

The values of AOzwI due to propeller slipotream effects

on the portion of the wing immersed in the propeller slip-
stream as obtained from Part II-B-l-e reference (1) are-
for one immersed section only and must be doubled to take-
care of two engir- operation. The values are based on
total wing area and therefore need no other correction.

The values of OZp are also doubled to take care of two
engine ooeration Rnd are determined an follows:

2 0p =2 2zp 7p

where

w Zp a -Z Fig'ure 60 reference (1)

To q

The values of 0ZRT are determine the same as outlined in

Part 11-E-l-a with values of CMA-T being obtained from

Part 11-0-1-b.¶
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2. Flaps and Gear Down

a. Power Off

The complete airplane total normal force coefficients
for flaps nnd gear doin-power off are as followe:

+~: C I+ 7OzN + 0z z MT
"0A 2 VZ7÷0Z ZT L.G. GH

Where the aerodynamic force coefficients of tho component
parts are all based on the total wing area and free stream
dynamic pressure.

As the values of 0Z for the flapped wing power off as

obtained from Part II-A-2-1 reference (1) are based on

wing area no corrections are necessary.

The values of OZN, OZ_ and 0 ZVT are the same as shown in

Part II-F,-l-a of this report.

Values of OZHT are obtained as outlined in Part II-Ye-l-a

of this report.

ti
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b. Fower On

The complete airplane normal force coefficients for flaps
and gear dowA, power on are as followel

ZA-T power off + . WFI+ OZFP4 CZMT

where

0 ZA.T power off i ast e as determined in Part II-X,-l-a.

The values of AC7, due to the propeller slipstream effect*
Vi

on the portion of the flapped wing immersed in the propeller

slipstream as obtained from figure 56 reference (i) are for

one immersed section only and must be doubled to take care of
two engine operation. The values are based on total wing

area and therefore need no corrections.

The values of OZ are the same as those determined in Part

II-Y,-l-b of th !22report for the same power conditions.

The values of CZHT are determined as outlined in Part II-1-l-a

of this report.
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PART II1

F. Uompjlele Airplane kol.i7 DjLnirr

It tit the purpove of this aection to determine the
oolar dtingrarn of tho complete bale-nced virplane.

The total airplane lift and drag coefficients were
deermined by the addition of the lift Pnd drag
coefficientp of Parch of the romponAnt pprts. Lift
and dreg coefficients were obtained from reference
(W).

Figare 5Ž presents the polur diagretm for the comrlete

bnlanced airolene for all center of gravity locRtions,

flaps and gear up, power off.
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I - Limit Speeds & Luad 7actors

V-n diagrams for the subject airplane will be constructed
in accordance with the flight conditions required by reference
(2) using the procedure of referience (2).

DATA FUR CONSTRUCTION OF ¥-n DIAGRAMS

Grove Weights Considered Design Groem Weight
Take-Off Gross weight ) 514,000 lbs.
Landing Gross Weight
Light Weight Alternate Condition 37,990 lbs.Minimmjm Flying Weight 3T,015 Ibs.

. Loa4 Factors
. Symmetrical All weights +3.0 and -1.5

Asymametrical All Weights - At TR a 0.8 YE, +2 aer -1 with .. X : .09
2!

At VD-- 1.2 5 Va, +2 with : = .015
2V

(Since flaps down is intended for landing only - no
V-n diagram is required for flapped condition).

Altitude. Considered Bea, Level 1T,000 ft. (Highest XV)
VH True mph 265 285
YR True mph 212 228
VD True mph 331.3 356
VT True mph 495 511

Converting the above speeds at 1T,000 feet to indicated air
speed, it is immediately apparent that only soea level conditions
will be required to be investigated. Therefore, all future,
reference to V-n diagrams will refer to sea level conditions 1-
only.

RESTR- - RT , ,
4,;
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Terminal velocities for the preceding table were calculated by
the method of reference (2).

VTnrph a 0'691i MT x a

where a a speed of sound at altitude of V-n diagram in ft./sea.

M0R x critical M. N. of wing root airfoil section from
reference (/+) for 21419 at CL a 0 of .605.

x equivalent airplane parasite drag coefficient at
zero lift 2 .034 from performance oa2oulations.

S, a 11447.25 sq. ft.

-o a02  at soa level : 1.0

at 17,000 ft. 2 0.5201

K " Constant for entering figure 3 of reference (Z) -2B.

1i4Iiito cDf M2GR

-(1447.25)(1491)(.o034)(.366) 1 (?

2665

'Si n t r i

, cemaxmum ermnalvelocity is realized with maximuim gross
weight, calculations are made for 54,000 lbs. only for simpli-
fication purposes.

:TsL = 0.68Ig x .65 x 1116.19 - 1495 mph

VT 17000 : 0.6815 x .714 x 1050 511 mph .-

A 7
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PART 11-0-2

2. Maximun Lift Line.

Maximam lift lines for the V-n diagrame are determined in accordance
with reference (2).

a. Fhap, and. Gear Up Power Off

SOZA m

Grosg Weight V/Sw Sw/V

54,000 lb•. 37.31 .0268
37,980 lbs. 26.24 .0391
37,015 lbs. 25.58 .0391

*
0 T.L. for + OZkmax 's -.550 OýW 0  : 15.550

ST.L. for - CzAL m - 1)4.88 0.(c -7.880

C. G. Location + OZAmax - OzAmex dOZA/d.oT'L"

1 1.40.41 -. 71)47 .090o43
2 1.431 -. 7303 .09242

1.4OZ9 -. T137 .09042
1.-4362 -. 729() .09241

5 1.,421)4 -. 7227 .09151
7 1.4446 -. 7339 .0930

In order to simplify construction of V-n diagrams the maximun
positive and negative values of CzA end the maximum value of

dOZA /dT.L, will be considered as applicable to all G.G. looations. i.

RESTRICT , k
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SoASect -GECT CRITXRIA - ACK 071

PART 11-0-2

Power Offi

Vax! ma'" for C. G. Locatia'n 1. 2, 3, 4, 5, & 7

_-q 07,. q 54.,000 lb.. 37,950 lb.. 37,015 ibi.

75 1)4.39 +20.9 +.556 +.791 +:14-l

10+55 37.0 +.990 +.hl +1

156,57.54 +93.1 +2-225 +3 I7 +3.26
-42_ _ .2 "1 -13 _ -1.61 -1.6

2o0 .022 -- 5.65 +5.79
-0-75.2 2.02 -2.8 -2.9- _

250 159.85 +231.0 +6.18 +8.0 4.9.02
___-_7. _____ -1. - .__
2 0 -414 !! .5

179.60 +259.0 . 4 - 5.0b +10.15
-132.0 o3.52+ -5.0235

b. _•_•l and Gear !]p Power On

The power on maxisium lift lines are complicated by the effects
of power on the normal force coefficients and are considered at
various speed@.

C. G. Location Oz - Oz~ia dOZa

vVT-z 10 mph T a .639

1 1.630 -. 762 .1026
2 1.678 -. 781 .1050
J 1.652 -. 771 . M!"
4 1.672 -. 797 .1050
5 1.657 -. 775 .10397 1 .66 -.7g6 .1o56.

- 160 mph To .198
'11.5082 -.755)4 o09661
21,5)415 -.7722 .09875

1.5o0s -. 7567 .x9661
1-5391 -.772~4 o0g61

5 1.5258 -. 7652 .09778

7 151 ý 6_ -.7~ 09935

I,. . ... ,___ ,

R2_STR CTI;.D
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PART II-Q..2b (Gout.)

V ff a195 mph To :.132

1 i. 4804 -- T502 .q9520
2 1:3 -.76si .09T39

1.1024 - 7521-[52
1.51324 769307

5 1.14997 -. 7612 .0096Z
7 1.523 -. T722 .99

0. 0. Location I,, d 0 .Z9

T VOIF 265 mph To .0147

1 1..41417 --. -09342
2 1.4735 --764 .095.47

1.14125 -. 724r2 .09314e
1.4745 -.7621 .09546

5 1.14593 -. 7555 .094153
g 7 1.4-32 . -7J1 . 9

In order to simplify construction of the V-n dingram the marit==
* positive and negative values of OZA and w.zimim d. aA will 'be

* d cx,2L
considered as Applicable to e-al .g. locations for axi given speed..

zi 2 Cý73 -. 76 qo5

nz/Sw

YAriNUM n's for C. G. Locations 1, 2, 3, 4- 5, & 7

-..- 5--.76 _ . o95 -6

V Vt' q lh A 514,000lbs. 37,990 lbs. 37,015 1
20.1 5. .16 .7959 -. 7 . 3

i 60 65.5 101.6 2.7214 3.872 3-9714
25.18 AI-___ !iL_142

__n_-rda- plial-t __e_]ooto• o x••e eed

S.. . .... .. .
5-•o. 2U R-.-2.6T

z~ ~ ~ ~~ ~RoTI 6554o.6•i.7 .e7 397
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PART 11-0-3

3. Ou-it Load ftgjorg

Oupt load factoro are determined in accordance with
referencG (2),

a. Flaps and Gear Up - Power Off

I + da TL_

Gross Weight W/Sw K

54,o0o lb.. 37.31 .575 .077o6
37,9o0 lb.. 26.24 .550 .10•o0
37,015 lb. 25.55 .549 .10731

In order to simplify construction of V-n diagrams the maximum
value of d sz/d - T.L. &hall be considered applicable to all
C. G. locations.

So:
d O}f&dTL X .0930

Grove Weight /2.

54,000 lb.. I t .07706 x .0930 z v
37,950 lb.. 1 ± .1040 x .0930 x V -F
37,015 lbs. I t .10731 x .0930 x v T-$

•- Gust Loads - Power Off

_7-- ih_ 37,01

10+.YiX +1-975
+ .2. 4 + .025 - .005

200 2. 43 +2.95 +2.99
- :43 - .95 - .99

265 +2.90 +3.55 +3.614
- .9o -1.5[ -1.64
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PART II-0-3b _

b. tLiODi _an Geair Up -Power OM•

d Cz,&

5. Z~ 20

Gross Weight v/ , K 5.0 oV/S.
514,000 lbs. 31 .575 .077o6
37,980 lbo. 224 50 .10wo
37,015 lbs. 25.50 549 .10731

In order to simplify oocntriuotion of the ¥-n diagram, the maxim=
v aluo of d OZi/d IL at a given speed shall be considered as applicable
to all e.g. locations.

y lro d CZA/dOKLl
mph

100 .1056
160 .09935
185 .09799
265 .096O7

__ _Ous- 0t Load@ - Power On
Speed Gross Weight _",

y 5,1000 lbs. 37,980 lbs. 37,015 ll.
mp hh__

100 1.s14 2.1o6 2.133

.156 -. 1o6 -. 133

16o 2.2214 2.666 2.J'o6
-.22)4 -. 666 -. 7•6

195 2ý,%97 2.900 2.9145 A-. 397 -. 9oo -. 995

265 2.962 3.666 3.732
S -.96 q T.66 I-C. 732

ii4,i

P:RCT~ .. l
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PART II-G-30

a. Flaps & Gear Down - Power Off

As the limiting speed for the flapped wing is 160 mph-V-n diagr'ams will show only gust loads for power off and
Power on up to that ipeed.

5.0 K ii0ZA V F,

Gross Weight V/Sw K

514,ooo lbs. 37.31 .575 .07706
37,980 lb.. 26.214 .550 .0lso
37,015 lb,. 25.5 .5149 .10731

0. G. Location d Zo/d c
1 .ogo6s
2 o0926[ .ogo6o

.09259
6 .09130
7 .09323

The maximum value of d OZA/dcTL shall be oonsidered
am applicable to all 0. G. Locations.

Gros: Weight
54•4000 lb. '- .o7706 .09323 x V
37;980 lb•. 1 - .10l80 x .09323 x Tf,-37,015 lbs. 1 + .10731 x .09323 x VV

,Pz - q0ut Loads - Fower Off

SSpeed 

------- 
- -----K ___ G#rogt eit -

.__l __ _1 .9 90 T b . 7

100 1.71814 1.9771 2.0005
.2a16 .02T9 ;:0005

160 2.1495 2.5633 2.6007
-. S1495 -. 5633 -. 6007

RF-STRKcrri
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PART 1-0-3d

d. Flaps & Gear Don - Power On

5.0ox A V

Vr=:o o 100 mph To a .639
C. G. Location d OzA

d -TL

1 .11261
2 .11507

.11252
.1n496

6 .113357 .11576

LY(T: 160 mph To = .19g

0. G. Location 
d ,ZA

d cy TL)
1 .loohs
2 .10267

6 .10115
7 .1o332

Maxixmum values fd0 d:.Lsulb cniee napialto all o0 g9. locaitong fur aS7 given speed.
54.,ooo lb,. 1 _+ .07706 x d. Gz,/ ,,• TL x V -- i

37.9 10 l ,. . 10."o x a CzA/l-c TL x V pp ab37,015 lbo,. .10731 x d Oz~A/ ., d TL X ,0• V

+.108o0 -. 2132 -="216o 2.27"39 2 .7309 o7722

-.71 -77!
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"BASIC rLIGRT CRITERIA - PACK 017

PART II-H_

H. Compiete Airplane Component Loads - -l+uced Condition

The loads on the component parts of the airplane have

been determinead fnr the balanced condition for all six
points on the V-n diaigram for the gr'oss weight. load

factor, and 0. G. location that gives the maximum load
on each of the component parts. For design gross weight
this correfpondr to the 0. Go. powitig which gives the

maximum a T.L. in combination with the maximt balatcing a

tail load for positive and negative low angles of attack.
For positive ond negative high angle of attack it corresponds
to the C. G. location which prven the maxinh dfnamin preseure,
which is obtained with minimum values at CZe, ancle of attackh
being fixed.

The C. G. locations no selected yield the most critical streamt

conditions for the design gross weight. In addition, the light
weight alternate and minimunt flying weight gust conditions at
PLAAVE are chocked for possible critical stress conditions.

All conditions noted above are checked for power off and power
on and the calculations are presented in the following tables.

All coefficients are based on wing Area, mean aerodynamic chord, •
and free stream dynamic pressure.,

ISt L
StIi

it

S........R2ISTR:C L,. C-
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h-cf: BASIC FLIGEIT CRITERIA- P-AOK OPI t1":!

PART II-H-la.

l&. Flaps and Gear Up - Power Off

The tables immediately following present the calculations
of the maximum loads on each of the component parts for
flaps and gear up power off.

I, I

iC

F) 5TRI;r'

o J".......................... ...... .,Kr
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3AZXO YLIGHT ORIXTJEL -- PACK 07.7 REV:ISEDl

AK&LLTSI 07 AIRPLMf 00)00111? LOLD3
SYMN)4IEMAL ?LIGHT V1H(TRM PITOUNGS 10MMLATZOWS

commditmoa naps 0, G@U__j_-_Zov~ Off

V- Dagox/ '?,g 9V/o9 1 P4,V9 A//.,9,9

ho. V.1g Loctio 13 7 / __

q 71 1 :/3' ~75F C ~ ,6

*.L~v degree ls. (9CS1 1+~f -J. 42* -Pigc-

Lu. to0 w15

/ 7 , *
'/DI 1 . 7 ., ,- 94,

0 -. e v z lV & . C-

I _~22LŽ.....~...... S~... 6,7 -j~- .. 3.=~.~



____OR N __FAIRCH_0_04- AIRCRAFT DIVYi~IUAON
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DA I1- 1 may 19l49
,*ubjeeZt.-. .- ,I fIGHT. CEITIRHU - PA-Gk 0.71 REVISED

-- IAPS & GUAR UP - PAOX 071 P012 077

0.0. Lomation / /7
GrOss Weigbt lbs. S-e nc'c s't,. /.i 3 o~~ S'v ~ '

IL &woes

z o u Cc q -I, - I

#~-~~ v~ VoA. *l-si

7y -0, 00,01.

ON ft I'%
AET Ir 'ts tokc/e 0;-V6;

- - - - - - - 6 , W ? 7 7 "

(On)
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~2 . XO-120 I ____________or______________or

I)AT)Y 1 )407 ý9)49-

-*§S0 -ILIGHT' CE1T1IAU PACK 1?- R"p.j

_________-w MR-FAP 1I UP,- PAOK 077 POVI 03'?

0.0. Locationi Of- 7 7
Grove Weight lbs. '"" ,/w

O- f007 s~ o6r ob , S'7 00C -7-C

IT 0~'tS 1'CJ On 0 Inel

NT V Vus

' ht 7,~ - - 'c..,-.ý.c.7c'' -

ZR? /s- e. - .2 -,? ,o 3e

I 1, O4M aJC/; I #.OC.~42 d ?'j30Y963S

Zwj~~ 4~. ~ b.- tC c-10.2 l 2 ?37 - c4j/

(W' SO 6C7 z 7 0 7
ZI W lbs..

X~W. lb..I'? RE r %9?4.TL1&

_ _ _ _ _ _



REOTt-MT(4 ,tRcH1llD AIRCRAFT J)IVIK!ON A, P(Er*

AL&LYSIN Or AIRPL&S340W"QU3 MINS
3Y041!RXOL FLIGHT VIMMJ! PlT(MIn AC0S3hUIO15

Vý-n Diagrams
o. 0. Laoaion
Oros* Weight lbs. 3714 _____ ___

V/w /Gq. ft. C- I

Av/a 1 8" 9. oje-

q u4(i/S,)/0k. 7'~
qJ(/ ) ft. . i

aO' 3l- -q, a*u2(p-h
T?.L.. lecrees. Z

4 1 OLAKS- 2 3-37
0DA, __ _ I__ _ _ _

OLV

oxv oSZ.& 6 o

IV a? V. llbs. d1

ft. its. J

RESTM!CT.'



RLSIC 7LIionf GRIIRIA - FACK Orr IS

AIALYSIS OF AIRPIJ] G00OI4PU LWLS
SYNNMITEO FLIGhUHT WITf0UT PITCH1NM AOOZLXL?1033

Coniidtion FAQK M1 - P(UB. 01 f S a GAR tUp

7-n Diaeme~ 1 -4,4w 1#iq
0. 0. Loaation /
Gross Voight lbs.. 7 -_ _

hv A, */q. . Sl

q 0Zh .I c? -12-311

1w]:(3 q., mph
T .L. *6g.w

-LV 4,2 -o7u/

cizy

ON, .0 33 S,4a! s

Lv * ~Zv W, lbs. 4i6h b97S4

(0(. SI

ft. lb.
/%CMA txe to vine -D ~Pi

41t
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'~DL XG-120 I. .AwnY By

MLSIC ]MIGHT ORIIA - 0 DATEIU.SIC ILI(}I~y (.............. .... . ... -........ LVsED ....
Subject: - . ..... . .. R~EVi E

POWIE 0 - YLAPS & 01PAR DP

T-a Dlagran Ae,0044 11A
C. G. Location /
Gross WeJght lb.. 37 -/S37e

S degr'ees -/- 32_ -t

:f 4  ZAv.IV , lb .a. - I- - 9 • -T h ,

:# = X#V. lb.,. /.,/1
O .L,

ft. lbe.

/•O u dneto ,tp •//,• -._____ -, oui,?•• -

Sz, CI %]q(wl/ SOo 6-I

q4

V at q S-O -I o 79 , -

"• A due to _e oo. I ago it'

CD~a i

O"z_ iL r¢ .
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XC-120 ~~ AlR.~I

SAsic TLimI cR,7vML - PACK 0217 IdA1VIO

?(A 017f CI APS & OURl UP

0. G. Logaation I
Gross Weight lg 70 5 6

Fy n Ir o o

HORZOTAL TAL4(U

hT 2 OXI2 ., 0 4k 2

ZHT-

3~ pa

z HrE = *Z q/Vw/bSO I OIjza1 374

q/(RTw (a. a.)
NgmIs4z,, , b. 376

5A. lbs. 1.36 9

XA, lbo.. 36 ~ K.#
II C~14r .O52.7y
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~Subject:- B4ASIC TLIGPI CRITERIA -PACK OPPRJF

PART I1-3-lb

1b ?ap W~- n. ria,- Vp - Power On

The followtin tables present the calculations
necessery to show the effects of power on the

loads of the co.mponent parts.

I V

VI

I

A•



-R107-0314 ..~ti .... , 1 ICC 1, 4, VAI 1.t 1 --

X O -1 2 0 I ., JA I tNI 'vtr i 4 ~ A t i 4 c ..

1 may 19149
ULSIO FLIGHT CRITIRIA - PACK OFF - I-fE

.t.NLTSIS Or AIRPLfLn OO)UW0IINT LOADS
SYN14MRICAkL FLIGHT VITFRCV? PITOHING ACCILMATIOJTS

Oonalition jý X-rw7

Y-n niaga A ZTAAL A vgl I A i~A 'W V-,4AW~
0. 0. Loaation I/ f /7

IdA 
9e.o -v. ý-/ / 9

q J (V/s,4 ) /O #/t 1  YS ' /',- 32-T .2 S- 9/~/,: V '~

v Tý aCi q, mph 1 'r/1 9 '/3 73' s¶72C
'T.L. i decrees 17 31,5 -T -P7' ~1.

0ZA

a % q/(W/Sii .'/.27 .//L2 3 S/rld. 92 -40?22F?5'-

S-0 Z OW ,J lbs e - . 7 , e ,Y -,//

ACM ft. lb..
mA due to win -1.222~ O1~'e O-V ''S ~ *.c3i-

¶ I AL

-. IC*
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I~.B 0 0 1 F VAIA W1 i H-1 1 ~ iA 91 AI%- A'. SIA NZ A -1tr AN8 1"'tSI

1 
~ ~ rxxAkSv -hy1~ ur~9lI.I~ a 94

libect ISIO TLIGHT GRITZRIA -PAOK 017 tA SX

1POME 01 -IPACK CI? - ?"P & GM RUP-

0. G. Location 7P~VA 7AA ~~~ ~4~,'.4

Gross Weight, lbs. v, o*A -3-- 1 4e> sýripr e-n 0o

IN SL1PSTRZLM (ONE)

LVWI ,e e,~. .- ~~

'^V Sk N~o lq/ ( V/ lfl/&'0
4W AW ,lbs.(4

j1v M V. lbe.. 2.I~57- ~~/

MI*q SW X.LOV 0 __ __ _ _

ft. lbs.
4%4ue to osw wing
I section imiersed in v .co /o-P roK5 OV~' ' ~ CA

sel ipstream - - -. -- .

O * e'e 2/Wfv -. V r,,J, 0~/ it - -"5 - ý

l bV e - I - e. 4 1,, 
- 9 - , 7 ~ ~ 2

AOm, due to one orop*11*r ~ K ~ ~ ~~

__~ r w rA~



N.R107-014 IýI f 1,1M ilPV-.1) A mir j At~ w
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BASIO ]FLIGHT ORITIBIA - FOVXR 037 4AVF

POwMON PACK MV -LPWS & GZRA UP-

V-n DisVA A AP,¼4`A IA-AA 10AA44= AA4AY w,4,4v
G. G. Loeation //-

0r)< s d*oic *g -/4s.~ cc c 00 r-

OaM OV*f Ii

1~~ ~ ~ .0c3Y /41 fr

' .t, I . -V /

II tie)3 lb9.1 /, L4'2  ýFs~

'ZB (.2 L)) Wl2 -, [

ftXRW lbs. I '-""3 /?-'

MA(~ due 'to 77d/e- boo 2 -oV-// 6 -19. -e -!e (p

0.f' tice-

oxz0 .6 011ý ci z5- 2 vOSý -1I



.. BSCn GTCRITE~RIA - PACK Ony It : Ex I a NEI'r

POW=l ON -PACK Off - LAPS & G3R UIP
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017T

-Y. /7?/.~
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xvi 8ý7XT V lbs. 2 •24
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Condition 7LLS & GIL! UP ?OWNV 01

V-A Diagrmu1
0. 0. Location / f
%rose Weight l.- ~

V/S #/eq ft.t.53gI

q *.tL(W/5v)/OZA. #/sq4 7ý f

q/ (V/So,__ ftj 7, v2. ; - c V63 7
TViT a 131W -q, mph 26N- 2

X A OyI/-9/7 0&,F

GLV OS

% z. 0ZVq(/i)4.~9 4.e.

vXV 1W £x/(W/sv SO237/1 22,ss
UV Z W, lbs. ~ ~ /r,~~

;V X91.W, lbs. f777
q O VMAOV ON~

ft. lbs.-
,,RAdue to wine(
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C. G. Location lb.S

Grose Weight b. ?c

IOLN a
0z"N 3 C.tS9

4ZNZ GZNI(f)
X,~(~

Z~ ZZ ibo.fL-9

ft . lb.. I

CA ft* to 77,30,//e 1/ - -d 3

(Oxi)

0 a 00-T3 2.J

0 Z3

Z3) 2 %3 / WN 9&'

4XB a 04IV(wfsN) I 73 s
ZN ZkZV: lb::xl

Xa 4x V lb../6

X 3 = q N ,f t . 0 ? %..- 2 & -

A Mdug to aone boom
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V-u Dia~gram
0. G. Location T

*@as. Weight. lbs. , 1
T 2L degrees -j

%I

no VI

aw *ZVI V. lbs.
W. lbs. ~ /Soo C)C

f t. lb.
du*e to *ne wing
section 1mmersd i.n.00 7F/.S
slipstreama

(ONZ) - ~ OO,8Soo7/y----.- --

O-,pa z q/(v/sv) elf,~y 1- 54,1

X? h,4 W, lb..

AN& due. to one propeller 4t8.*
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LWq, BASIC FLIGHT OhITMIIA k'AOK OF'F

PART II-H-2

2. Ylap• and Gear Down- Power Off and On

The limit speed for flaps and gear down in 160 mph
so that the loads on the component part. of the air-
plane for balance conditions are less critical than
for the flaps and gear up oonditions.
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1 May 1949
BASIC FLIGHfT CRIMNIA -PACK OFF

1. Wing Loads

1. Flap. and Gear Up

a. Balanced Condition

The wing load@ as determined in Part II-H-I hav'e
been analysed by the Structures Section and the
following coniditions selected as being possibly
oritical. A summary of the loads for these
critical conditions 1. presented in Part 1-0-a.

Condition Possibly Critical For

UMtUpper surface in compression. Lover surface in
tension, outer panel. Front spar, outei' panel.

Speed 176.9 Rear spar, lover cap, center section'. .iuter
Power Off panel to center section splice, front spar.
0. gG. Location 3

Speged 265 Upper surface in comspreshion. Outer panel to
Power Off center section splice, front and rear Apars.
0. G. Location 1 Lower surface In tension. Center section.
Gross Weight 514,0oo Front spar, lower cap, center section.

vn•

Speed 331.3 Rear spar,% outer panel
ower Off

C. G. Location 1
Gross Weight 54.000

Speed 176.3 Lower surface in compression. Upper suirface
Power Off outer panel to canter section splice.
C. a. I'- n 1
Gross WaigiAt ri4,000

RI'T
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",. .BASIC FLIGHT ORITERIA - PACK OFF

PART 11-1-1 (Cont.)

ao_ dltio Possibly Critical For

SVD Outer panel skin splices

Speed 331.3
Powpr Off
C. G. Location 7
Gross Weight 54,000

PUA- Local attachment of weight itemsVE11 gust

Speed 265
Power On
C. G. Location 5
G ross Weight 37,015

PH"A Special leading edge conditions

Speed
Power Off
C. G. Location 1 & 3
Gross Weight 54,000

e Special leading edge conditions

Power Off
0. G. Location 1 & 3
Gross Weight 54,000

E (-
-.%
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PART II-I-1

b. pecial Balance 0onditions

It is required by reference (2) that wing ribs and lemding
edge shall be investigated for pressure distribution corree-
ponding to:

1. Positive lift coefficient giving most forward center of
pressure. This corresmonds to PBAA conditions considered
in Part II-H-i.

2. Lift coefficient giving positive limit load factor at VD

or VK if higher. This corresponds to PLAA conditions

conaidesrd in Part II-B-l.

3. Distribution giving maximun negative load on the forward 20%

af thii wing. This corresponds to PHAA and/or NEU conditions
considered in Part II-H-1.

-J Therefore the special. balance conditions of reference (2)

are all covered by the critical balance conditions of Part
II-H-I.

c. Special Leading Idge Conditions

It is requested by reference (2) that the wing leading edge
be designed for loads that exist at most forward 0. P. and
for maximum negative loadings on forward M0%, modified for
momentary increases in accelerated flight. ixamination of
accelerated flight conditions indicate that an increase of
25% in lift coefficient in the maximum ever to be encountered.
Therefore, it is assumed that the maximum lift coefficient
would be increased by 25% and the other coefficients extra-
polated to match this value. Conditions are computed for a
constant load factor at reduced speed and the necessary aero-
dynamic coefficients are tabulated in the table immediately
following.

Note that this load should only be applied over the leading
edge of the wing back to the front spar. The effect on the

airplane force coefficients due to this arbitrary 25% increase

in wing lift coefficient is considered to be directly attrn-

butable to the increase in wing force coefficients - no other

component parts being considered.

K P
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lxc- 120 1
I May 1949j tip. BSIO FLIGHT CRITERIA, - PACK OFFA ' I

PART II- I-2

2. rlaps and Gear Down

An noted in Part II-H-2 flapped condition are not critloal
for win. loaM.. Actunl flan lod4R nre conmidered in Part
I I-L.

.4,'
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"" lSIC FLIGHT CRITERIA.- PACK 0l 1 M l949

PART I I-,

Aileron loads for symmetrical flight are for neutral
aileron only. These loads are those existing from
the pressure distributions for the critical wing

oonditions of Part II-I over the aileron area.

K. Aileron Tab Loadn

Aileron trim and balance tab loadý are those considered

under Part IT, Amymetrical Flight - Roll.

IV
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PART II-L

L. Flap Luadu

It is required by reference (2)-6B that flap limit lciding
be determined from the formula:

sq. ft. (I only

where ( 0L flap only) is flap lift coefficient in fully

deflected position with the gust condition at 160 mph
indicated airspeed (Flap Limit Speed).

The maximum flap load is obtained when the flarned wing
lift coefficient and the dynamic pressure are at maxisum
values for the conditions investigated.

An the maximaum speed for flaps deflected is 160 mph, the
maximum flapped wing lift coefficient In the prime deter-

minant of the maxiim- flap load. With power-on, the dynamic
pressure in the slipstream of the propeller in increased,
which also tend. to increase the load on the flap. as a
portion of each of the flaps in in the slipstream of the
propeller.

Therefore, the maximum flap load will bq obtained under the
following conditions.

F2wLL On

V 160 mph G. W. 514,000 lb.. 4 : 2.2739 To X .198

CZ )j VI W/ a (2.2739)(37.312) -125

SI = 1= 95 S!i'

q 65.5

TL 2.210 C. G. 1 & 3

0LV - 1.212 from figure ( reference (I)

"= .0775 from figure /26reference (I)

_T T"
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Inasmruch at; the previous stated. value. (OL~., 1.212 and

ACIVI .0775) for this pank-off condition are appreciably

smaller than those for the pack-on condition shown on page
235- Vol. I,of this report, the flap loads will also be smaller.
Therefore, the flap loads an determined in Part II-L, Vol. I of
this report for the Pack-On condition, are considered applicable
to the pack off condition.

Fla-P loads outside of the slipstream

107.39 lbe./sq. ft.

Flap lo-4d In the slinstream

159.6 lbim./sq. ft.

Weighted Ayermae Load on Fla-ns

1140.72 lbs./sq. ft.

rI C
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M. Horizontal Tail Loads

1. ance Coaditiong

Balancing tail loads were determined for all six
points of the V-n diagrams for all C. G. locations
and gross weights, flapgs up and flaps down.

The •aximuam balance load was determined to be -13,574
lb.. for the folloving oonditionI

Gross Weight 54,000 lbs. * -4.079

Flaps and gear up, power off RLAL" and is shown in
conjunction with the load@ on the other component parts
in Part IH-H-1.

vii

:1

, •
U

RFESTiZR -



IL

I•1,1'1*1i' .Nil. 1ý107-O , AIl ,i I D I It . 1? A F. .

XC-1201 ,. ..
I, Ma y 19 49

BASIC FLIGHT ORITEIRIA - PACK 0FF l

PART 11-*-2

2. Gust Loads

Gust loads on th- horivontal tkl irs deteriidned as specified

in reference (;)-6B for minimum flying weight (37,015 lb..)
lipght weif.t Pitrrit. COtdItion (37,990 lb..) and design

gross weight (54,000 lbs.).

The increments of horizontal tail load from a 50 ft. per

second gust (50 K sharp edged gust) on the horizontal tail

at level flight high speed are computed and added to the

balancing tail load for unancelerated flight at level flight

high-speed with the stabilizer and elevators acting as a

single unit. The effect of wing downwash, angular acceleration,

etc. are conaidered.

a. Increment Gust Load.

Reference (2)-6.B (Sections 3-2d(1) and E-2d(2) gives equations

for ;irplanes with single vertical tails as end plates neither

of which is entirely applicable in the came of the XC-120, which

has twin vertical tails with tips. The eq--tiona deacribed above

arm identical except for the last term which in found to be equal

to the lift curve slope of the tail. This being the came it is

c~nsidered more accurate to insert the lift curve slope of the

XG-120 horizontal tail as previtusly determined in reference (1)

Part 11-A-7b as the last term in the above equations. This will

result in the following equation which will be used.

LH FIHT 57. 3 tJ[SH q (l-52 x aw x T X1 Ks)X h
VI.I A ' /t

being equal to OL 'ht 4

where:

H - LT a Increment of the horizontal tail lop.d due to
gust lbs.

"VE - Ture level flight high speed 265 mph a 399 fps

b! a -0 1 K Gust alleviation factor Fig. 5
reference (W)-2b-

RE , C•%
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SH = horisontal tail surface area x 346.P sq. ft.

q = V2 0-/391 = dynamic pressure 179.6 lbs./,q. ft.

% - .0942 = wlns lift curve slope

K S = downwash correction factor for horizontal tail position Is
.561 (from fig. 1, reference (2)-6B where -Aht a 47.5 and

Z •390

downwamh correction factor for wing, taper = 1.51

taper ratio = .5 figure 2, reference (2)-6B

is x downwash correction factor for horiziontal tail span:
.959 figure 3, reference (2)-6B

l4*' A " Aspect ratio of wing Z .25

ýht OL ~ht .0450 reference (1). Part II-A-7-b. effective lift
ht curve slope of horizontal tail.

Weight , W/ Sw x uj 57.3 SN q 1-52 aw Kp XT 4: ht qLx4ht tILT
,be. Sq. ft. tH A

37015 1447.25 25.55 549 -7.-45 9150 .569 .o1o -6431

37990 1447.25 26.24 550 27.50 9150 .569 .0450 !6443 -

54000 1417.25 37.31 575 p8.75 9150 .1,69 ,0450 t 6736-

The balancine tail loads for unaccelerated flight are obtained from Part
I-D for 265 mph power off and power on, presented in figures .5•- and _S /
respectively.

For Unaccelerated Level Flight at 265 mph

OL -•I x W.,

R ESTF1 !CTF D
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PARlT 11-14-2 (Cont.)

CL
For 37,015 lbs. .11425

514,000 lb.. .209

(T.L. i ub tained from figure :/ which in a plot of the

balanced airplane lift coefficient versum angle of attack of

the thruat line for 265 mph power off, and figure 6-,. for
power on at 265 mph.

iT
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1 a 1949

BASIO FLIGHT CRITERIA - PACK OFF

PART II-YI-2b

The balanced airplane airplane lift coefficient for
flaps and gear uip. power off was determined in Part
II-F and is shown in figure -S / versus TL.

Similar caloulations for the power on condition at
265 mph arp presented on the following pages and
shown in figure .S versus TL-

4 b•
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PART II-M-2o

2c. To&jal Horigontal Tail Loads with OjIt

Power Off

Gross Weight 0L 0. G. cT .L. Balanoing Gust Total
lbs. A Load Load Load

37,015 .1425 1 -5.54 -6410O 6'31 -12__41
2 -5.-5590 -12021

-5.54 6210 -12641
-5.59 -5230 -116fl

5 -5.56 -5520 -122
7 -5.55 -5500 -11931

37,950 .i46 . -5.5 -61410 6443 -12_
2 -5.55 -5600 -.IO3043

-5.50 -6190 -12633
-5.55 -5190 -11633

5 -5.53 -5510 -12253' •,o7 1•.55 -5490 -1192
54,000 20 .79 -6300 : 6736 -13036

2 -4.86 -5070
-14.79 -602o %-12756
-14.6 -4750 -1.46 ,

5 :4.4 -5470 -12206
7 4:8146 -14570 -ii6o6

37,015 .1425 I - _669o 16431 -13_9

2 _r. r~l -5960 42N
5.4o -65oo -12931
-5.54 :580 -1231-

5 -5.51 615o -12581
7 -5355 -5080 -1231137,990 .146 1 -5.44 -6660 i_ 6443 - 0

ý -.)0 -5930 - Y33

:-5.144 -6500 129143-5.50 -5140 -:122535 -5.47 -6120 -12563
7 -5.54 :5540 -12259

54,000 1 -4.74 -648o !6736 -I It
2 _4.s4 :-5350 -293 -4..74 -620 -13016

4-14.s4 -5290 -120165 -14.79 -565o -121416
7 -4.1•4 -5200 -11936

I'RESTR!CT?.
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PART II -M-2o

The •elvntor deflection fur balance for the above critical
condition is obtained as follows:

,htj C"I T - .o•450 ht
.024.6

for 0. G. location 1 • TL -4-.74

balancing I ht H -.104 f igire

balanoinrg N' ht : -5.15 figaue 6.5 reference (1)

-: .10 +2 332 2 5.25

ht 0 LT L,/q x qhtq x Sht

-. 21255 : -13216/179.6 x 346.2

ht x .0246)4 /~ht LET

-25.25 x~2:6 .21255

- IRCTN "-T E
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PART 11-14-3

3- Maneuvering Loads

The maximuim maneuvering tail load for design grosm weight
of 54,000 lbs. at the maneuvering speed (V f3y 167 mph)
and at the -mneuvering load factor (3.0 n ) was determined
in reference (13) and is 10272 lbs. for the upper center
of gravIty location at 35% MkOW.

The angle of attack of the horizontal tail and the elevator
deflection for the above condition are obtained by the add-
ition of the incremental angle of attack of the horizontal tail
and the incremental elevator deflection obtained in maneuvering$
to the horizontal tail angle of attack and elevator deflection
for the initial balance condition.

The variation of balanced airplane lift coeffic-imnt vith angle
of attack of the thrust line for V 06 = 167 mph, flaps and gear
up, power on is determined in the following table for various

center of gravity locations.

4
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PART II-M-3

For the initial balance condition (power on)

V 167 Mph Groto Weight = 54,000 ibs.

rll, .5231

C. G. Location C T h htCLT e

1 -1.6 -3.30 -.071T 3.130
2 -1.7 -3,35 -. 02g4 4.980

35% MA0w Upper -1.7 -3.35 -.-0095 6.52

3 -1.6 -3.30 -. 0757 2.99

ht is from figure 63, reference (1)

7 ht 0
LR is interpolated from figures I . and .5/

Jte 0 11T - .0450 "ýht

The incremental values of :-< ht and obtained in

the maneuvering condition at the peak load point are

obtained from table XVII of reference (8).

C. G. Location Av-(ht ht

35t MAG. Upper 4.08 7.276

34.70 -16.88

The total values for the critical condition are then

C. G. Location * ht CS e
35% MAGC Upper .73 13.796

3 1.40 -13.90

RPSTrw:fP
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BASIC F11,IGHT CRITERIA - FACK OFF I.: 1 0

PART 11-M-4

4T Summarjv of ,eaign Horizontal Tail Loads

Condition NL•AAD I VD Gust -Aaneuvering

n x n 9 -1.079 50 fpson n Pw 3.0

Power Off Power -Power Power On

Groams Wt. 54,000 54,000 54,000 54,000 514,000

y¥j.- mph 331.3 331.3 265 167 167
0. G. Loa. 7 7 1 35%MAIo 3

Upper

Load, lb.. -12,526 -13,5724 -13,216 10,272 -7,657
-ýht . deg. 7.44 -7.36 -7U593 .73 .40

"a , deg. 9.36 7.79 5.P5 13.796 -13.90

ht/q, 1.00 1.00 1.00 1.117 1.117

RGSTRICr .
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PART IN-N

1. ZlivaLor Trim Tub

-,s tle. .ax~ui* tU. loudj willl uucu' •t .it surface

deflection at VD (3313. mph) the trim tab load will be
calculated for thin condition. This is a conoervative
pronedurA.

The elevator trim tab hinge moment in determined as
follows:

H O tt (I _ _X q x

d Žett q

"Ott 5.44 sq. ft. 0 ett * .5 ft.

•tt maximum = 250 Page 15 reference (1)

q Po.07 ht 2 1.00
q.

t -. 006 x 25 x W80.7 x 1.00 x 5. 4 4 x .5

Hett 3 -114 ft. lbs.

Using the following load distribution as specified in reference (2 ).
the tab load is determined.

Centroid of Loading:

J • ' I . J , Ii ,

mat-Y Nt ta t Ht a Tab hin:e moment fr./lbs.

: Nt _Wt 2 Normnl force on Tab Ibs.

9 1 -. 222 t 2 Force Arm

A x Area

RESTIRI r,'T[ ! .
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1 May 1949
,Jlt: fiBA3L1, ILIG1T CRITMIA- PACK OFF

PART 11-N

Ths-Afore,

NOtt , Htt - x -Ul

2 513 lhl-

5 t. z 94-30 lbu./sq. ft. of tnb area

R F-S R CR2STR!C T r ~
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PART II-N-2

2. Elevator Spring Tab

Since the AlelvAtor trim t:ib inves tipstion nhowed that the
tab angles and londs were rslatively smAll it wa decided
to dptermlyi thp Plevator sorinp tab load at maximum de-
flection nnd at VD (331.3 pJh) fur th(, depstign load. "'hi.
to a conneryntive procedure.

The elevator spring tab hire moment Is detsrmined an followes

Rest = d OH Lbs" t e6t , q x • x e x 0 e~t
I eut q

et 3.83 ee. ft. Cet -,5 ft.

*Uteitmxiim = 220O page / - refere~nce (I)

q 2 280.7 •. 1 ].00
q

•st = -.006 x 22x 20.y •1.0 x 3.83zx.5

Heat z -70.85 ft. lbC.

Using the eame load distribution as for the elevator trim tab

Neat --. x et[

Nq t 2 ='770.85 V
Ne _- 3 . 11-.. -.

Uig.the sl.a lbs./bo. ft. or the area t a

3.83 -• - Ne at = -4 5 x e aFat = =15T-09
"tt31. lt

a 324ls.s. t o abaea T C9
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MI, ASTMOFR Al. FLIG3T-ZUY

It is the puxrpose of this section to combine the previously
calculated aerodynamic nhareractertics of the various component
parts of the airplane In order to determine the characteristios
of th,% complete airplane in yaw. Thi- method. of analysis and.
method of combinntion Is the same ae presented in Part IIZ-A
of Volume I of this report, with the crew nacelle being
substituted. for the fuselape. Crow nacelle to designated. by
subscripts N or n as OLN - crew nacelle lift coefficient.

1. Angular RelationshipsI

The angular relationship of each component part of the
airplane in the same as presented Inx Volume 1. For

-convenience thov are again presented here with the
addition of the angular relationship of the crew
nacelle.

Wwf a W Ib PP h

"Vtri*.ht U -

P ave right ))

ýJvtlef C'vPave left

REFS-TR!C~m$
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PART Ill-B

B. Yawine Moment, of component Farts I
This section covers the determination of the contribution
of each of the component parts of the airplane to the total
yawing moment about the various locations of center of Cruvity.

The contribution of each part is found by the equations developed
in Part III-A of Volume I of this report.

The aerodynamio ch-srateristics of each part were obtained from
reference (1).

The final yawing moment coefficients of the component parts are I

baced on wing area, wing epan anid free stream dynAmia presmsre.

Ri
A
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PART II,-B

B. Tawia Moments of Com,•nent Parts

This section covers the determination of the yawing moments
of the component parts of the airplane. As the vertical tail
load* need to be determined for only two yaw conditions with
flaps and gear up - namely:

Zero yaw with single engine operation, and 50 yaw at
VD (VVO0 331.3 Nph), the yawing moments of the component
parts were datermined for these conditions.

Final results for design criteria conditions my be
found on the following pages or figures.

Summary - Final Data - Yawing Moments

Component Pert Conditi on

Zero Yaw Single 50 Yaw at VD
Engine Two Engines

Wing Unflapped Page 2149 Page 2149
* Wing Flapped 251 251
* Orew Inoelle 252 252

B oons 253 253
Horizontal Tail 255 255
Landing Gear 255 255
Propellers Figure 61 256
Slipstream Effect.s 62 260
Vertical Tail 63- 66 Figure 67

A,X

S. . .... t

SI I S•p'
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PART III-B-1

1. Wing Unflapued

Zero Yaw Single Impizi pration

For V~~ a 00, =~ 0,. Slipiatriarni effi..to nre -covered

in PaIrt III-I-'. The forguing holds for all U. G. postions..

50 Yaw VJD vO 0 21 331.3 mph

AC \BV

) :l .256 x 16,2.g03
Bw ~~109.27 x 12 02

0. G. Position iV xw~/Bw L

I & 3 33.66 0257 -.0072
2 & 14 ~ 47.10 .0360 +.0031

5 141.0? .0313 -.0o16
7 50-48 .0395 +-0056

For design Gross Weight of 54.0M0 lb.

.00256 x 11447.21J(331.5)7 13

At this speed the airplane is flying at an

Oor TL .s-6.250 figure 2, reference (1)

Assuming that CD in yaw = in pitch at

:L -6.4rO
then Cw in yaw 9 .007 figure 3, reference (1)

R , Z T_ r

1 & 3 3.66 .oI7 -.oo7
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I Mcl 1';lq

1L•IT III-B)-i

Wl•Unflap~led ýGon%.j

a .0072 ( .0 7.)
- .ooo699

NAG ooo.00006 figure 5. reference (1)

0. G. position CTW x q _ _W

& 3 -. 00001 .00005
2 & I4 negligible .0000o 6

5 .oo0o6
7 - .oooo64

I 2'

,4, II !;T
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PART 111-3-2

2. Wing flapped

The yawing moment of the flapped wing i1s not,
required by the design criteria requirements.

RSP
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•UIJ•,tC BASIC .LIGHT CRITERIA - FACK OT7 . !:\ Id

PART III-B-3

criew ",,aicllrp

Zero Yaw Sinple Yinine Operation

Tor a 0; ON, = 0

50 Yaw VD r 331.3 mph

S •n CL y• S --
CNN X C liR 21 n S W~ + D ~

CNW1 251 n U .009 figure 24 reference (1)

Sw 144 ,.2 --W 109. 2T

O 2 OON 008ý/ + CD11a In. sinw
Sn

00N m .0239 figure 25 reference (1)

ODN .1313 figure 80 reference (1)

For .nall values of ý/ ODC yaw it ammuued equal to ODI

at the corresponding ck TL

Then OYN " (.0239)(.9962)+ (.1313)( 27 .0172)

=.0262 I

(.oo9)(.197)(.461) + (.0262)(.-17)1• - .1•5)
,( \BW

.00079 + .oo09 - .115)

C .posit ion { xn] B" OWN

1 & .2045 .o00o0
2 & .2145 .o0049

5 .211 .0om047

7 .2173 .000501

-&



7 7 Yay 1--.t

,-A. SI' FLIG1T GCRITYRIA& PACK cF•,

PARET 111 -3-:4

4j. Boom.

Zm.ro Yewv SinLleP Eno-ine Oeration

For Y) a 00, the equation:

f -B25Lb-.~ SW 13V 1b)

equals zero, however with single engine operation a yawing
moment is caused by the cowl flap. of the operating engine
being open while thors of the dead engine are closed.

So that for 2ero yaw, single engine operetion

1 A •cowl flaps .n

where 6 CDcoWn flap- is the drag coefficient of the open
cowl flaps based on wing area.

a 0 IcoVI flaps .003T reference (10)

For all C. G. locations:

ýCNa a .0037 x L = .ooog109.27

50 Yaw vI) 3 311 3 . h

Frum figure 30 reference (i)

a% 5Lb : ' ooq•6

CD9 I ' ptch for corresponding o(TL

From figurp-. 26 and 27 refearence (1)

cDB a .1931 figire ;90 refe'er, c (1)

0CD3yav .1938 x Li ".02A

3 '3
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PART IIIB-14

122 (Gout.)

from fi•.xre 31, reference (1)

o .0055

O =3 (.0055)(.9962)+(.0229)(.0872)

U .o00747

2. + 0% .5.2 -)]

a 2 .oo96) 3siX 66&Lat + (.0074) o9.15 2

14,.4 o 19. 27b27 192

0* Al. Mb ,,, -. 1.5"7 -.03T +.o003
Lom tion 109.27 z 12 *

I A. 3 166.a .127 .o030 -. o00o114 -+.00M6

z: -1, 4 179.6 .i17 -. 020 -. 000076 +.00293

173.6 .132 -.025 -. 000095 +.00291

i 1;2.9 .139 -. 0175 -. 0000647 +.00293

RKSTRICT-D
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PART III-B-5

5. •orziaont&L T&A

It is assumed that the yawing moment of the horizontel
tail diae to yaw in n•glig•ble.

6.

The yawing moments of the landing gear down are not

required by flight criteria requirements.

i.
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~lt C-120 I ErEx~zD isy C!-2CKXD BY APWU~oU air
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.4ubj"1:-- ....... SIC FLIGHT CRITXHIL - ACK 072. . .... REVISED ... ..... .............

PAT 11_1-_-7

"For twole engiine operation, tezr yawd paek off, the
yawing moments of the propellers will be Identical woth those

reference (5) Pages 39ý. and 396. A curve of propeller"
ya-in moment versus airspeed follows In figaa'e (r/

50 Yaw YD (va-' = 3-U.3 Nal)

For two engine operationm the only difference between the
yawing moments of the -propellers pack on and pak off will

be that due to ohange in arm (1p) length with difference
longitudinal 0. G. locations.

Gyp a .0275

0%, w -2 x 17'".2 x .0275 1p
109.2T x 12 x 11447.25

a -. 00000516 ip

C. G. Po•ition I p 01

1 & -17I4.5 000903
2 , -&17.9 .000965

5 -181.9 .000934
T -191.3 .000957

r~k r-cqlr T% tr F- r%

Mr%1I1W"ILL
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BAS. C FLIGHT' RITERIL PACK OFF DA TiF l9 I

PART 111-13

S_. Slipatream Iffeoot

TIM. 7-----.--m- . due to clipstroam effects are negligible
for two engine operation, but for single engine operation
may be appreciable. The moments will vary with oped., air-

plane angle of attack and thrust.

SiM10 BEnAns O2poration

CIS AXg Yf.b
qSvB•

a. Ving Unflapped 
q

?or the single engine condition, unflaippsd wing, zero yaw,
yawing moments due to slipstream effects are detormined at
various angles of attack for a range of speed as required
by design criteria.

For zero yaw AX8 a ADS

q 3w

So that for all C. G. locations

CNS a /'-%, Yb a1k 1ka ; -133j2
ivW Dv 109.27

at W a 00, the yawing moments will be identical with those
for pack on; caloulations of yawing moments due to slipstream
with varying angle of attack and over an enveloping speed range
may be found in ¥olume I of this report. Curves of yawing
moment versus o< for different speeds follow in figur* s Z.

RiCITD
I
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PART I X -B--ga

8a. Two rinine Operation I
Tor two engine operation the yawing Noment
due to slipstream ito zero.

£- *'R•STR!CTgD
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PART 111-1-b

I ~~~~b. iehpd

The yawing moment due to Nlipmtrea• effeot" on
the flapped wing are not required by the flight
criteria requirements.

Por two engine operation the yawing moment would
be sero.

1

)
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,ibject: ...... • SI FLIQHT CRITERIA - PACK OFF DA lE l F a 19 49
.~~~.~ ........ ) ........... .I.. ..

PA.RT III-B-9a

9. Vertical Tail.

a . 1n~le 3n~ie peat ion

?or single engine operation the dynamic pressure at
the vertical tail in the slopstrem of the operating
engine will be different from that at the vertical
tail behind the non-operating engine. As a result the
X and Y forces of the vertical tails will differ for
the wae rudder deflections.

qL Bw ( BWj

+ YVT -' +OVT

where (L)&) V denote left and right vertical murfacee.

Caloulations of 0NVT for a range of speeds from VF =

ICIO to 250 mph, and rudder deflections Sr 2 00 to 150

follow. Since the mini-mm gross weight at a particular
speed requires maximum rudder deflectiou to maintain sero
yaFw the q ratios will oe chosen at G. -. 35,904 lbs.
The foregoing to for the single engine condition, vius.
P I 00, right engine operating, mid left propeller
feathered.

.. i 6 lo6t a 6 21.1 for 0 .: 1 A
SW 144.24 67.6 for 0. G: 2 A

613.8 for 0.Q. 5
604.2 for 0. G. 7

V% (- -
rrtP Tl
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SL2. .107 page 211 referenae 1

2rv s'vt Ooyve .75(.05601,t .02,0 Gfr)

•.00 .5o .10o .159

.12 o1 -. 09 -. IW

JX .1.0055 pPOP 336 ref*r coI 1

Okr cr. I.*OOgg-

raor G. G. lonstlons I and 3
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PART 111-0-1

0. Yawing Moment of the Tailleas Airplane

This section covers the summation of the yawing moments of the
component parts to obwiu tb* ya-iIng mom.. of t.he t--Ie_-
airplane.

The chsraotoristios of the tailloes airplane are determined for
the two conditions, viz. single engine o0eratio, sezeo yaw and
two engine operation 9/ a 50, VD Val . 31.3 h
1. Z.ero. Yaw,-8inULo* ]lnine Operation

f- O, for single engine operation, a 00

CIA-If 0 a O N +oN+% s + OS + 1•

VUing minimum groan weight which is critical, the yawing
moment of the tailless airplane Is determined for a range of
speeds. 0L r. 191 x 3520U

a - x 1 4 4 T . ( 2m 1 . 0 a t s e a l e v e l )

•X!L is from figure 2 reference (1)

VY0 0 6o 185 250
OL -97 .3S .285 .155
4 ._L 3.50 -3.6 T.O .20

CNIt 0 0 0 0

ON, 0 0 0 0

o1.ooo4 ..00145 .oo0048 .000o9

N0N .00117 -.00009 -.0001 -.00007 V
clip -. o2652 -.00642 -,00569 -. 0021o14

-.005
01-2 -.021497 -. 00803 -0530[--00203
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et..... SIO 1IGH• ORIDAE - IAOK w

2. :k Gj. for 9/.5°an, D z 331.3 ph

A-T + 0 1S+ 0 % + 0_6
0. G. o0, % Oxi o,.
.Position "WA,.

1£ 3 .00005 .00014 .00299 .00090 .0014n
2 & .o0000 .00049 .00292 .00097 .oo044

5 .oWxo6 0ooo07 .00291 .00093 .00437
7 .000o6•4 .o(001 .00293 .0099 .o00450

'ro, reforen*e (5) pa"es 4W ad 114 we shb.al u.s an overall
interference factor of .65

Oonseiering interference effootes 71 : .65

0. G. Position (ONA z __________

1 &3 .oo4m .002782
2 & 1o .o44 .002856

5 .o�U043 .00251t
7 .00o4o0 .002925

t

x..,
~ ~ C~C ___________________
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D. Lartcal Tail loands Tabx Neutral I
This section covers the determination of the vertical tall
load. as required by the design criteria requirements. The
vertical tall loads are determined for the following conditiona,

flaps and gear ups

(a) Side gat of 50 fp4 at VOi= 265 mph with initial
ctm o?0.

(b) Zero yaw with one engine dead and the other engneo
delivering take off power for speeds up to V " 12

250 mph.

(a) Zero yaw with one eaina dead and the other enine
delivering military power at V.,z (vO4 a 200 mph)
for this condition, plus a side guot o- 70 fps.

(d) 7ive degree? yaw with resulting rudder defleotion
at VD (V t = 331. 3ph).

(a) live degrees yaw with zero rudder deflection at

VD (V0' 331 -3 3 mph).

A summary of all lodos 1i proeanted on page 2/. All
loads given herein are for one tail only.

R,1

I
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ival tail load for a side Cast Of 50. = I
T : 265 with initial o<-, = 0.

q = 179.6 • = 1.020 figure 65 reference (1)
q

AV'•-v : u/v = U a : .126 T k31
2vt 0 o+ 7.30 x 7.30

vt 00 VT a*T5(.05 6 wt + .0269 4) = -3o66 for S4r X 0

1 VIT 2 Tt CVz x q x 5.ylzt Stq

a 3066 z 179.6 x 1.0o20 x 99.6

- 5594 !be. (eaOh vertiosal tail)
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BASIC.... 1T GT CRITIRIi o PALG 017 .

Vertical tlil Loads for 5o Yaw at VT" - 331.3 Wph

0. G. Location 14 3 2 & 1 5 T

0"AT .00270 .00299 .0025O .000"3

IW -.- 0276 -.0o026 -. 002•1 -.00293

q #/sq. ft. 251 251 281 251

vt/q 1.016 1.oi6 1.016 i.o16

iro -6.95 -6.8 -6.su -6.76

cio rto  4.732274.32T 4.327 14.3217

'f GT.01415 o041451& .014374 0453

17T 1bs. 1173 1267 1244 14o

Vertical Tail Loads for 50 Tew It V0 . with
Zero Rudder Defleotion 331_3_With

C. 0. Location 1iI•3•• 5 -7

%-1 007 .002514 f 00293

oNVT -. 0I 9 156 -. al$5 -. 01159
OIL 00.o914, -Oo70 --. IotoI

q #/sq. ft. ?8 2,51 281 291

qt/q 1.o16 1.o16 i.o16 1.o16

o 0 0 0
SI t 4.2 4.327 ,4.X27 4.-327

ItOI 12.152 .192 .152

k aT 5150 5150 5150 5150
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PART I 11-2

Rudder tab loads were doterminnd for maximum tab deflection

at VD (313 mph).

Por both rudder trim tab and rudder .pring tab the load* as

determined are maxizu lcade. For either tab the loads did

not exceed the minimum design load of referenoe (2).

It Is therefore advisable to deeign to the vtniinm upeoifioatiok

value of 50 lbe. per sq. ft. for etch tabs

Ixl

RESTR1CT,-n 4
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PART 111-3-1

1. Ruddr Trim Tab

Using the ,a; load distribution for the rudder trim J
by reference (2))the b i: dr trim tab loads are dater-mined for maxi-mum deflection at VD (331.3 mph).

?he rudder trim tab hinge moment is determined as folloaaz r

Irtt = d iHt rt iqi • t rtt x qftt

d rtt x

Srtt 8 3.01 sq. ft. *rtt a .673 ft.

Srtt maximum 8 150 page 17 reference (1)

d 4)Krtt ' -004 per degree page .246 reference (1)d Srtt

"q 250 v * 1.016 figure 65 reference (1)

q

Hrtt , (.00143)(15)(2o)(l.0o6)(3.0l)(.673)

a -39.4 ft. lb.

XrHitt a 128 lbs.

-•t .. = .. z 42.5 lbs. per sq. ft. of

RESTRICTED
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PART II-jI-2

2. Ruader prIng Tab

The ioaa on the rudder spring tab to determined for the
*ame conditions of maximum deflection and ¥I (331.3 s.h). I

The ruaer spring tab hinge moment Is determined as follovea

Bret d 0 r~k .rt x q x vt x 5rot 2 Oret
d brat

1.66 sq. ft. Oret I .673

•rat maxml. a 17.50 ace 17 reference (1)

Sd 0'ra -- -. 00143 per degree, page 2146 reference (1)d S rat

q 29 q•O a• i lO16 figure 65 reference (1)

q

Bl : (-'0043)(17'5)(2°0)(1.016)(1.66)(.673)

a -23.8 ft. lb..

_ret _u-Ir a 79.5 lbe.

S.67T3)

z 147.8 lba. per eq. ft. of

RESTRICTED
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PART IV- I?Linn
The rate of roll is calculated as a function of aileron defleotione i

and of the dynamic pressure due to free stream velocity. I
A . _ ijjM . I

The rolling moments are calculated for the wing alone and

are due primarily to the opposed deflections of the ailerons,

The ring and ailerons on the XC-120 airplane are identioal to

those of the -1).19B airplane. The oonatants and data required_

for rate of roll equation are developed in Part -IV-P of referenoe,

(5) and the final equation is as follows,

P '- (133,435 + 66.497 q + .002I79 q2 -) k,
2 (3145.570 - .349342 q - 2.570o4 x 10-5 q2 -- ) AL,,

-(363.465 - .459607 q - 2.52F9 x lO-5 -12 R

Thus given either tho ving tip helix angle or one aileron

deflection the other function may be determined in terms of

q . The relationship of up aileron to down aileron is -haws

in figure 97 of reference (5).

RESTRICTED
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decrees per second at .8vR and .015 degrees per second
at VD.

For the XC-120 airplane, pack off, VE Is 265 mph and VD

is 331.3 mph.

For .8VH equal to 212 mph q = 114.9 lbs./sq. ft. Substituting
full aileroL defleotiouz ( &L 120 ad-

in the above equatihn we obtain

P = .09 for 212 mph
2 V%

I ?or VD equal to 331.3 mph the following compressibility correction

for dynamic pressure was used.

where X " _

c

H z Mach namber

V' x velocity in a compreseible flUid N 331.3 mph

C 3 velocity of sound

=T = equivalent velocity in an incompressible flui,

The-n x = .'354 and Vi 2 3149.2 mph

and th3 dyn*!.!i, pressure for 331.3 mph corrected for oomprese- N
ibility is 311.9 lbs./sq. ft.

For pw '2 .015 at 331-3 mph
2 V

&a : -5.49° and 2t . -. o

RESTRICTED ,,
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PFAT IV-C I

0. Aileron Lo&-dj

The ailoron :.z , Xa-1PO a'irniar, . ,t ° .¥ . JrJ
et.-tad fr-om tile hIM ehuvn in iart !.-V - f reference
(5) which show. aileron loads on the up and downi ailerons
for variout load factors and lift coefficients at 200 mph.

The maximum loads occur on the up Aileron ( )R 's -240)
and are plotted on figure 70 versus lIft coefficient. The
load for 212 --ph were obtained by ratioi4g the loads to the
dynamic pressures, and are shown or. the same figure.

The aileron loads for .9 V* are ac follws;

Gross Weight 54.000 lbs.1
VfO3 212 mph &ei v -240

an 7 .1.0 .2.0 1-.0
.3-_2)46 .)9-.32)46

Load, lbs. _1"6 -1)406 -1515

RESTRI CTE. T
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Ahe aileron loads for Vn art alan ahr.aA on A- eh"•- in
Paxt IV-D of reference (5) which shown the loads on the
u and down aileron at Vn fnr 4--e + .- n 1.. (313 h.

These loads are shown plotted versus aileron deflection on
figure 7/ for speed of 313 mph and 3II. rA. h; loads at
331.3 mph being obtained b7 ratioing the loads to the dynamic
premossoes.

The aileron loads fcr TD are am follow,:

Gross Weight 5),00o lbe. V(fa 331.3 =Ph7}

1 2.~0 2.0

Load, lbs. 635 -1510 J

The maximum aileron load "a -1515 lbs. and ocurs at Tu 212 mph

aa -1.0 6&R a -24 (a 12')11

!4

4

÷ L'

4
I
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PART IV-D

D. Aileron t t h o t tr e

defleotion at VD (331.3 mph) for tab design load.

The aileron trim tab hinge moment Is determined aseI

follows:

3att = 4 c a tt x q --att x 'att
-'d ý att

d 06tt a -. 0022 figure 13. reference (1)
d,ý&tt Y

are" 5te x 2.72 aq. ft.

i ,pan batt 49 inches

chord aft of hinge l.ne o at, = .666 ft.

mximumf deflection& a t 150

Uming the chordwise tab loading an specified in reference

(2) the tab ioads are determined.

Et * tab hinge ment
Nt a normul force on tab, lbs.

Sr5 *"A y force arm

FroM Above Datat 4

-7 it = Ht
IF Ht

-7 q x 666 t.

3 ,1

RESTRICTm
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Caicuiating the hinge moment

at •(-.o022)(15) 280.7 x 2.72 x .666 I
=-16.90 ft. 'be.

latt = -33. Htt

& -3.-3 x -16.7g
a +56.72 lb.. J

So
lb,./,q. ft. 567 a 4 20.9 lbs./sq. ft. of tab area2.72

Sinrce the maximum loading is lees than the minimum speoified

design load of reference (2). design load vill be the ltaln4m
specification value of ')0 lbs. per sq. ft.

R
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PART IV-D-2

2. Aileron *k-lance TLb.

Aileron balance taby aww checked for the tvw design
conditions investigated in Part iv-D at fiiiowv;

.-- PBw .08 at ¥VI# 0 212 mph27F

b. y Bw .015 at yff- 331.3 mph
2V

Tu following physical characteristics of the aileron h13anoc
tabs are from reference (I).

bt 2 .2-4 Vq. ft.

b t a .666 ft.

Maximim deflections z +360, -16e

Using the aa.- ohordwise loading as. in Part IV-D-I

fit z -3.38 Ht

The hinge moment& for various deflections are calcovlated usi.n the

followinf equation:

"ab d ahbt _ _bt x q x 5Jbt x cabt

/ft.2  Aileron OR
I art IT- Fig. 1 ,d 6abt IDS. l lb.. f/.'

__ _ _ C) _ _ _ --. • --.71

212 115.0 left 412 -22.25 -. 001T T.9L4 --2ý.3 -9-79

212 115.0 right -214 432.5 -. 0017 -11.- 9i 39.19 430
331.3 280.7 left 84.35 7.76 -. o017 I 2.i " U.•33
331.3 290.7 right -5.149 .3 -. 0017 - -91

Since the maximum loading is less than the mainixýU= speoified do-Pip

load of reference (2). design will be to the LaniUiP apeolf8aLti£OU

value of 50 lb.. per oq. ft.

.1-STRICTFF)
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